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APPENDIX A 
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APPENDIX A 

List of Acronyms/Abbreviations 

Acronym/Abbreviation Description 

ASTM 

BHC 

American Society for Testing and Materials 

benzene hexachloride (Lindane) 

BLDG 

CERCLA Comprehensive Environmental Response, Compensation and 
Liability Act of 1980 

CFR Code of Federal Regulations 

CLP 

CRQL 

CT0 

DCA 

DCE 

DDD 

DDE 

DSC 

EGW 

EM 

Contract Laboratory Program 

Contract Required Quantitation Limit 

Contract Task Order 

dichloroethane 

dichloroethene 

dichlorodiphenyldichloroethane (Rhothane) 

dimethyldiethyl 

data screening concentration 

existing groundwater monitoring well 

electromagnetic 

EPA 

“F 

Environmental Protection Agency 

degrees fahrenheit 

FS 

ft 

Feasibility Study 

feet/foot 

A-l 



Acronym/Abbreviation Description 

FWEI 

gpd 

am 

GPR 

II IAS 

II IP/FP 

II MCLs 

II msl 

II mm 

II mmhos/m 

II 
N 
NAB 

Foster Wheeler Enviresponse, Inc. 

gallons per day 

gallons per minute 

ground penetrating radar 

groundwater monitoring well 

hand boring 

gradient 

Initial Assessment Study 

Implementation Plan/Fee Proposal 

hydraulic gradient 

soil/sediment partition coefficient 

Atlantic Division 

Modified Burmister Classification System 

MaximumContaminant Levels 

million gallons per day 

square mile 

mean sea level 

micrograms/liter (equivalent to ppb) 

milligrams/kilogram (equivalent to ppm) 

megahertz 

millimeter 

millimhos/meter 

monitoring well 

effective porosity 

Naval Amphibious Base 
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Acronym/Abbreviation Description 

ORA Oil Reclamation Area 

II PAHs polyaromatic hydrocarbons 

II PCBs polychlorinated biphenyls 

PCE 

PH 

perchloroethylene 

logarithm of the reciprical of the hydrogen ion concentration of 
a solution 

-I- photoionization device 

PPb 

PPL 

parts per billion 

Priority Pollutants List 

PPm 

PPt 

RA 

RBC 

parts per million 

parts per thousand 

Risk Assessment 

I Risk Based Concentration II 
II RCRA I Resource Conservation and Recovery Act 

RI 

RI/FS/RA 

Remedial Investigation 

Remedial Investigation/Feasibility Study/Remedial Assessment 

I Recommended Maximum Contaminant Level 

II SARA I Superfund Amendments and Reauthorization Act of 1986 

II SB’ soil boring 

II ss I surface soil 

svocs 
sz 

TAL 

TCA 

TCE 

semi-volatile compounds 

saturated zone 

Target Analyte List 

trichloroethane 

trichloroethene 
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Acronym/Abbreviation Description 

TCL 

TCLP 

w/kg 

ug/l 

uses 

USEPA 

uz 

VDWM 

VOAs 

vocs 

V* 

Target Compound List 

Toxicity Characteristic Leaching Procedure 

micrograms per kilogram 

micrograms/liter 

Unified Soil Classification System 

United States Environmental Protection Agency 

unsaturated zone 

Virginia Department of Waste Management 

volatile organic analytes 

volatile organic compounds 

flow velocity 

Virginia State Water Control Board II VSWCB II 
II I watertable level II 

I WQS Water Quality Standards 
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APPENDIX A 

List of Acronyms/Abbreviations 

benzene hexachloride (Lindane) 

A-l 



Acronym/Abbrevia 
tion 

Description 

gPm gallons per minute 

GPR ground penetrating radar 

GW 

HB 

groundwater monitoring well 

hand borins 

I gradient 

IAS Initial Assessment Study 

IP/FP Implementation Plan/Fee Proposal 

K hydraulic gradient 

Koc soil/sediment partition coefficient 

LANTDIV Atlantic Division 

MBCS 

MCLs 

Modified Burmister Classification System 

Maximum Contaminant Levels 

mgd million gallons per day 

mi2 square mile 

msl mean sea level 

WI/l micrograms/liter (equivalent to ppb) 

v/kg milligrams/kilogram (equivalent to ppm) 

MHZ megahertz 

mm millimeter 

mmhos/m millimhos/meter 

Mw monitoring well 

N, effective porosity 

NAB Naval Amphibious Base 

ORA Oil Reclamation Area 

PAHS polyaromatic hydrocarbons 

PCBs polychlorinated biphenyls 

PCE perchloroethylene 
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PH 

PID 

PPb 
PPL 

pw 

PPt 

RA 

RBC 

RMCL 

SARA 

SB 

ss 

svocs 

sz 

TAL 

TCA 

TCE 

TCL 

TCLP 

w/W 

w/l 
uses 

Description 

logarithm of the reciprical of the hydrogen 
ion concentration of a solution 

photoionization device 

parts per billion 

Prioritv Pollutants List 

parts per million 

Darts per thousand 

)I 
Resource Conservation and Recovery Act 

Remedial Investigation/Feasibility 
Study/Remedial Assessment 

Recommended Maximum Contaminant Level 

Superfund Amendments and Reauthorization Act 
of 1986 

soil boring 

surface soil 

semi-volatile compounds 

saturated zone 

Target Analyte List 

trichloroethane 

11 
Toxicity Characteristic Leaching Procedure 

micrograms/liter 

Unified Soil Classification System 

A-3 
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II Acronym/Abbrevia 
tion 

Description 

USEPA 

UZ 

United States Environmental Protection 
Agency 

unsaturated zone 

VDWM Virginia Department of Waste Management 

VOAs volatile orsanic analvtes 

vocs 

V, 

VSWCB 

WL 

volatile organic compounds 

flow velocity 

Virginia State Water Control Board 

watertable level 

I WQS Water Quality Standards 

A-4 
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FOSTER WFIEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

DRING NO.: 07 - SB - 01 D 
PROJECT NO./NAME: 4-22-00-1920711 

NAB - Little Creek 

DATE: 7/16/93 
LOCATION: Site 7 - 15’ N of GW-1 

GEOLOGIST/OFFICE: M. Schmidt / Livixaton. NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER: Tom Jones 

DRILLING EQUIPMENT/METHOD: ATV Rie / Hollow Stem Auper SIZE/TYPE OF BIT: 4 l/4” ID 
SAMPLE METHOD: Continuous .mlit-swoon START/FINISH DATE: 7/U/93 - 7/15/93 

WELL INSTALLED? YES- NOL SCREEN: LENGTH: -TO- FEET 

REMARKS: Verv close to water in Little Creek Cove. 

4-6 03 1.00 WOH 

WOH Entire spoon soft gray CLAY with trace 
VF SAND. 

8-10 WOH 

WOH 

12-14 WOH 

14-16 

16-18 

18-20 

08 I 2.00 WOH Entire spoon solid gray CLAY. 

09 I 2.00 WOH/12-l-l I Same as previous spoon. I 

10 I I Shelby tube samole. ~~~~ r~ - 

I 
02 1.80 3-l-l-O Top 8” same as bottom of previous 

spoon, then 4” gray CLAY with some F 
SAND, then rest gray CLAY with trace F 
SAND. Last 6” wet. 

Entire spoon gray CLAY with some VF 
SAND. Wet. 

Solid gray CLAY with trace VF SAND 
and trace shell fragments. 

Entire spoon same as last. Shelby tube 
sample not taken - fell out. 

Entire spoon same as last. Shelby tube 
sample not taken - fell out. 
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FOSIXR WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

XING NO.: 07 - SB - 03 D 
,itOJECT NOJNAME: 4-22-00-192071 / 

NAB - Little Creek 

DATE: 7115193 
LOCATION: Site 7 - 10’ E of LC7-GW3 

GEOLOGIST/OFFICE: M. Schmidt / LiviuPston. NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER Tom Jones 

DRILLING EQUIPMENT/METHOD: ATV Rig / Hollow Stem Aueer SIZE/TYPE OF BIT: 4 l/4” ID 
SAMPLE METHOD: Continuous s&t-srumx START/FINISH DATE: 7/15/93 - 7/15/93 

WELL INSTALLED? YES- NOA SCREEN: LENGTH: -TO__ FEET 

O-2 01 1.50 

2-4 02 1.50 

44 03 1.60 II 44 I O3 I lAO 
6-8 6-8 04 04 2.00 2.00 

8-10 8-10 05 05 1.00 1.00 

10-12 10-12 06 06 2.00 2.00 

12-14 07 1.70 

14-16 08 2.00 

16-18 16-18 09 09 2.00 2.00 

18-20 18-20 10 10 2.00 2.00 

14-14-12-15 

9-8-5-7 

2-2-2-2 

4-546 

3-4-6-9 

8-10-10-10 Entire spoon same as last. I - 

5-u-5 

4-44-5 

3-2-5-5 

3-4-3-2 

Top 4” top soil with organics, then 3” 
coarse SAND and small GRAVEL, then 
9” tan F-M SAND, rest black silty F-M 
SAND. 

Top 2” same as bottom of last spoon, 
then grading into gray to brown CLAY 
withatraceofFSANDandtmceofC 
SAND. Also. trace of organ&x. 

Entire spoon, gray and brown mottled . 
CLAY with trace F SAND and organics. 
Last 3” wet. 

Top 2” same as last then grading 3” 
gray clayey F-M SAND, then grading 
into tan F-M SAND with trace of fines. 

Entire spoon, brown clean F-M SAND 
I 

- 
with trace of fines. 

Same as last. I - 

Same as last with trace C SAND and 
trace M GRAVEL. 

Entire spoon brown F-M SAND with 
trace of fines and trace C SAND. I 

Entire spoon brown F-M SAND with 
some lines, trace C SAND and F 
GRAVEL. Trace of organics. Last 1” 
some shell fragments. 

CTO-O042/07-W-03 LOG PAGE 1 of 2 4-22-00-191 



FOSI’ER WHEELER ENVIRONMENTAL SERVICES 
TESIY BORING LOG 

ORING NO.: 07 - SB - 03 D 
PROJECT NOJNAME: 4-22-00-192071 / 

NAB - Little Creek 

DATE: 7/15/93 
LOCATION: Site 7 - 10’ E of LC7-GW3 

GEOLOGIST/OFFICE: M. Schmidt I Livirwston, NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER: Tom Jones 

- :::: :: :::: ‘:‘. :.:: .,: :g: I: ::. 
IT 
:: : ;j :: :y ,> :. .,:: 

- 

1.70 
I 

3-l-2-2 

2.00 I WOH/18-2 Entire spoon gray CLAY. 

2.00 I l-l-l-l 

2.00 
I 

3-2-2-l 

2.00 
I 

WOH/12-2-1 

2.00 
I 

1-2-2-1 

Top 3” gray and tan mottled CLAY with 
some F SAND and some shell 
fragments, then 7” green CLAY with 
some F SAND, rest gray CLAY with 
trace F SAND and trace oreanics. 

Same as nrevious snoon. 

Entire spoon gray CLAY with trace of 
shell fragments and VF SAND stringer 
at 18”. 

Entire spoon gray CLAY with trace of 
shell fragments. 

Same as last with a 2” lens of gray 
CLAY with some F SAND at 12”. - 

CRXO42/07-SB43 .LQG PAGE 2 of 2 422-00-l 9: 



FOsIlER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

ORING NO.: 07 - SB - 05 D 
PROJECT NOJNAME: 4-22-00-192071 / 

NAB - Little Creek 

DATE: 7/15/93 
LOCATION: Site 7 - 200’ S of Magazine 14 

GEOLOGIST/OFFICE: M. Schmidt I Livineston, NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER: Tom Jones 

DRILLING EQUIPMENT/METHOD: ATV Rig / Hollow Stem Auger SIZE/TYPE OF BIT: 4 114” ID 
SAMPLE METHOD: Continuous solit-swan START/FJNISH DATE: 7/15/93 - 7/15/93 

WELL INmALLED? YESA NO- SCREEN: LENGTH: -TO-FEET 

REMARKS: Sarrmle taken from 7-9’ interval. MS/MSD samDIe collected 

2-4 

4-6 

6-g 04 1.50 3-4-5-4 

8-10 

lo-12 

12-14 

O2 I l-O0 I 2-2-2-2 
03 

I 
0.80 

I 
2-2-2-3 

05 1.70 2-2-4-2 

06 2.00 3-6-7-7 

07 
I 

1.20 
I 

2-3-54 

. ..:.;,.,.,. . . . ,,.. .::,2::::: .,.,: ,.,. :, : :;.j:::;‘.‘.’ :x:,:.;:y:,: .I:j:i:l:j::j:::.::. ;:I:: I,,:,. ,..: : :.: : .,.,..... . . . . . . . . . . .,., ::: : :.:.:::::y :. ‘. ‘. ..,‘, ,A.. ..>:.:.>:,..:.>..: :.:,:,:,, ::y:.:.: .,.,.,:,: :,.,:,):,):,:,:,:.. ,..,. ..,. :.. .A.. . . ..; .:,: :..;::::: ,,:,: :,:, ,,...j I. : .:j:::::, j::::: 
.“.~:....:.:.:.:.:.~ :.... ..,,. :,: :.:.:.,, ,,: ,,,. ,, ,., ,:..:j:::l~:j:j:j~:,::,::iii~:ii:::~~,’::.:..:.:.:. .,., ,.:.:_,.:., >+.;:,,+;,.,~ 

., :.. ,,. .., s~p~~::~~~~~~~~j;i:ijj..i..i:: 
. .,.: ;,,.,,, :.;::::,>:j:,‘~::: ..:.:. ,:,, ,.:.: .,.,.: ., .\:.,. .,.:j,:,>, :, :,:::::. ‘. ,.... . . ,.,, 

:i:ii::i;:~.:;~~:.~.~~!:‘i; 

,.,,.,.,.,.,.... ,,,,.,.,.,. ,: :.:.: .A.. .I. ., ,,,,: ::::::::,, ::::pj .( .:::,. 
.,., ..,.,.,.,.,.,(. . . . :..: 

,D~c~~~~,~:~~~~~,~~~~~ ‘lii’iiii~~~~~ y . .:.:.:::: ,.,.,,,:.., 
,,,: :,: :,.,:,: ,,::,:,: .::. .,:, >>l;;:;;;:,:::,>.:.:: . . . .‘.:.‘..cL:. . . . .: ,.:, :./:‘~:‘,‘:j,j,,:j:,,~::~::.:.:‘..::.,~:.:::~.j:::l,::.‘,~:.:.:,:..:~:‘,~,j: y;:l;::i;l :::::::.x ::.,j.:. .,.. . .L. :.,I.:.‘.: .y,,,:,.,... :,: :;,: ,.),., .,.,..., .,,, .:.....:.:.::.::.,.: :,,,:, ~~ ,.\\. :.... ,:,.::::,::::::::::: ::;:jj:i:;:::k. >> .,.. . . . .,,, :.,::,,:{:; ;,, ::, : ,.:. :.:..::y:.:(: 

;..:: i,.:. :,: Il::::::::jjl’j~j~~~:~~., ,..;y ,:,: :::::.:: :::,> :,:,:: :,.,.j;, ~ :,:,, ,,, ,,,, ,, .z.: ‘.“.‘.“.“.‘.‘..‘.‘.‘.‘.‘.:.‘:.:,~~ .,.:.:...:.:.:.::, .:::,:,:.:::::~::::::::::..~~~~~~~~:~~~,:,:.,,~:~:~,~;:..~ :.:::,..,., ,.,. ::>>>::.i:;:i:;::;:,:.: ‘.c ,. ,, ,,,pFy j x5@ ,,. ,.,, ,,,, ,,,. ,, ,,.,.,,,. .,. ,“::.:,“,:,.... ::.,, >,.. . ...’ .: 

Top 4” top soil and organics, then 6” gray 
and brown mottled VF SILTY SAND, 
rest gray and brown CLAY with some VF 
SAND. 

- 

Gray VF SILTY SAND with large 
amount of organics. Bottom 3” wood/root 
- like material. Last 6” damp. 

Brown and gray mottled CLAY with some - 
VF SAND and some organ.&. I 

Top 6” brown and gray mottled CLAY 
with some organics, then brown and gray 
mottled VF SANDY CLAY with trace of 
organics. 

Top 2” gray CLAY with some organics 
and trace VF SAND, then 1” red CLAY 
with trace VF SAND, then gray and 
brown mottled VF SANDY CLAY 
grading into a F-M SILTY SAND. Last 
6” wet. 

Top 2” same as bottom of last spoon, then 
2” F-C SILTY SAND, then F-M SAND 
with tram3 fines. 

- 

’ Top 6” brown F-M SAND with trace 
fine-s grading into clean F-M SAND. I 

CT0-0042/07-SB-O5 LOG PAGE 1 of 2 4-22-00-l 9: 



FOSTER WHEELER ENVIRONIHENTAL SERVICES 
TEST BORING LOG 

lORING NO.: 07 - SB - 105 D 
PROJECT NOJNAME: 4-22-00-1920711 

NAB - Little Creek 

DATE: 7/U/93 
LOCATION: Site 7 - 200’ S of Magazine 14 

GEOLOGLVIOFFICE: M. Schmidt I Livinnston. NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER: Tom Jones 

.  .  .  .  .  .  . . . / . .  .  .  
~~~~ 

~:~:~~:~ 
.  .  .  I : . : . .  

I;,.I:l;,:i’j: . , , , ,  >,::::: : , : , :  :j:j:j;j::::g; 

jj, .j:F:. i~:::::::::::::,‘,:.~,::‘:~:~:~::: 
.  .  .  .  .  .  .  . :  , . . . . .  .  .  .  . , ,  . , ( ( . , .  . , . , . , .  . :  , .  .:.:.:.:,y,>:i. . , . , .  . , . , ,  

14-16 2.00 4-7-8-10 Entire spoon F SAND with trace of 
fines. 

16-18 09 2.00 248-8 Top 18” same as above, then brownish 
reddish VF-F SAND with some tines 
and l/8” thick gray CLAY lenses every 
1”. 

18-20 10 2.00 4-6-5-4 Top 10” VF-F SAND with trace C 
SAND and some fines grading into 
red/brown VF SILTY SAND. 

20-22 11 2.00 3-3-4-4 Top 1” brown/red VF-F SAND with 
some fines, then rest gray and brown 
mottled CLAY with some F-M SAND. 

22-24 

t 

24-26 

12 2.00 2-3-4-4 Top 1.5’ washed-in sand, then rest gray 
and brown mottled CLAY with trace F 
SAND. 

13 2.00 
I 

3-4-s-5 
I 

Entire spoon gray and brown mottled 
CLAY with trace F SAND. I 

CT0-OO42/07-SB-OS .LOG PAGE 2 of 2 4-22-00-19 



FOmF’ WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

IRINGNO.:07-SB-06D 
fROJECT NOJNAME: 4-22-00-1920711 

NAB - Little Creek 

DATE: 7/14/93 
LOCATION: Site 7 - Sanitary Landfill 

GEOLOGISTIOF’FICE:~ DRILLING CONTRACTOR: McCallum. Inc. 

DRILLING EQUIPMENT/METHOD: ATV Rig / Hollow Stem Auger SIZE/TYPE OF BIT: 4 l/4” lD 
SAMPLE METHOD: Continuous snlit-suoon START/FINISH DATE: 7114193 - 7/14/93 

WELL INSTALLED? YES- NO& SCREEN: LENGTH: -TO__ FEET 

2-4 02 1.41 5-S-5-4 Tan M-F dry moderately well sorted 
SAND. Some shell fragments. Lower 2” 
trace damp. 

4-6 03 1.58 2-l-l-O Top 5” brown trace damp M-F SAND. 
11” light brown, moist M-F SAND. 

6-8 04 1.41 2-l-l-2 Upper 2” tan M-F SAND with a trace of 
silt, moist. At 2” pine needle layer, then 
orangish brown bands of VF SAND with 
some silt. Next 3” F-VF SAND with a 
trace of silt, saturated. Lower 10” wet 
gray F-VF SAND with a trace of silt. 
Bottom 5” saturated. 

8-10 05 1.58 1-1-0-l Top 5” brown mottled M-F orange 
SAND. Moist, wood fragments. Lower 
14” wet gray F-VF SAND with a trace of 
silty clay. 

10-12 06 1.16 5-2-34 Top 3”, slough, brown, dry M-F SAND, 
next 2” gray M-F SAND with trace silty 
clay. Lower 9” light gray loose M-F 
SAND. Very little silt. 

12-14 07 1.33 444-5 Top 4” VF SAND with some silt. Next 6” 
saturated gray loose moderately sorted M- 
F SAND. Lower 6” graduated to tan 
loose moderately sorted M-F SAND. 

- 

CTO-O042/07-SB-06.LCKi PAGE 1 of 3 4-22-00-192 



FOSTERWHEELERkXVIRONMENTALSERVICES 
TESI'BORINGLOG 

3RINGNO.:07-SB-06D 
PROJECT NOJNAME: 4-22-00-192071 ! 

NAB - Little Creek 

DATE: 7114193 
LOCATION: Site 7 - Sanitarv Landfill 

GEOLOGISI’/OF%‘ICE: M. Evans I LivinPston. NJ DRILLINGCONTRACTOR: McCallum,Jnc. 
DRILLER: TomJones 

14-16 08 1.75 4-4-7-6 

16-18 09 2.00 4-s-5-6 

18-20 10 2.00 2-2-2-2 

20-22 11 2.00 3-3-3-3 Top 5” brown to tan M-F SAND. Lower 
19” very soft gray CLAY with orange 
mottles. Trace M-F orange SAND. 

22-24 12 1.91 2-2-3-3 Top 1” slough. Remainder gray soft 
CLAY mottled yellowish brown. 
Occasional neat lenses at lower 9”. 

24-26 13 2.00 4444 Soft to medium firm gray CLAY with 
some orangish brown peat-lenses. 

26-28 14 2.00 3-4-56 SAME as previous spoon. 

28-30 15 2.00 _ 5-5-5-6 

30-32 16 2.00 5-5-5-2 

32-34 17 2.00 7-l 1-12-11 

Top 3 ” slough. Lower 18 ” moderately 
sorted tan, wet M-VF SAND with a trace 
of silt. 

Top 10” gray saturated moderately sorted 
M-F SAND, trace C sand, very little 
fines. Lower 14” tan saturated moderately 
sorted M-VF SAND. 

Top 4” slough. Orange moderately sorted 
M-F SAND. Lower 20” light gray soft 
CLAY with occasional orangish mottles. 
Sand lenses at 13”, trace F-VF SANDY 
SILT. 

SAME as previous spoon. 

Top 3” slough, very soft gray CLAY with 
some M-F silty sand. Remaining 21” firm 
gray CLAY with orange and brown 
mottles. 

Top 13 ” gray soft CLAY. Remainder tan 
M-F SANDY CLAY, with some iron 
concretions. 

CT0-0042/07-SB-06.LOG PAGE 2 of 2 422-00-19: 



FOSTER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

XUNGNO.:07-SB-06D 
rROJECT NO./NAME: 4-22-O@1920711 

NAB - Little Creek 

DATE: 7114193 
LOCATION: Site 7 - Sanitarv Landfill 

GEOLOGm/OFFICE: M. Evans / Livinnston. NJ DRKLING CONTRACTOR: McCallum. Inc. 
DRILLER: Tom Jones 

34-36 18 2.00 54-7-9 Top 6” slough, aurated light brown 
poorly sorted VC-M SAND. Lower 18” 
light gray CLAY with taa mottles. Trace 
of brown M-F SAND stringers. 

2.00 s-7-7-5 Top 13.5” slough, saturated brown poorly 
sorted C-F SAND. Remainder firm 
greenish gray CLAY. 

- 

~0-0042/07-S&O6 LOG PAGE 3 of 2 4-22-00-192 



FOSTER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

‘ORING NO.: 07 - SB - 09 D 
ROJECT NO./NAME: 4-22-O&192071/ 

NAB - Little Creek 

DATE: 7/13/93 
LOCATION: Site 7 - Sanitarv Landfill 

GEOLOGISI/OFFICE: M. Schmidt / Livingston. NJ DRILLING CONTRACTOR: McCallum, Inc. 
DRILLER Tom Jones 

DRILLING EQWMENT/METHOD: ATV Rig / Hollow Stem Auger SIZE/TYPE OF BIT: 4 l/4” ID 
SAMPLE METHOD: Continuous snlit-snoon START/FINISH DATE: 7/13/93 - 7/13/93 

WELLINST-?YES-NOA SCREEN: LENGTH: ---TO- FEET 

REMARK!3 

o-2 01 1.00 2-l-2-2 

II 6-8 I 04 I l/2” I WOH 

// 8-10 1 05 1 1.10 / WOH 

1 10-12 / 06 / 1.50 / 1-o-l-O 

// 12-14 j 07 / 1.00 / WOH 

1 14-16 / 08 1 2.00 1 WOH 

I” 

Top 1” brown top soil, then brown and 
~ gray F SILTY SAND, then gray silty F- 

M SAND. Trace of M-C sand. 

Entire spoon brown to gray silty F-M 
SAND. Change to F-VF SAND at 1’. 
Brown, less fines last 6”. 

Trace of F-VF SAND but most washed 
out. 

Gray VF SAND with some silt. 

Top 1” fall-in, then 9” gray CLAY with 
trace of VF SAND, then rest same with 
little F sand. 

Top 3” gray CLAY with a lot of F sand, 
1 then gray CLAY with a trace F sand and 

trace organics. 

- 

Top 3” gray CLAY with some F SAND 
and trace of organics, then rest grey 
CLAY with some F SAND. 

i Alternating 2-3” thick bands of gray 
CLAY with some F SAND and gray 
SAND with some silt. 

Top 6” gray CLAY with trace VF 
and trace organics, then 1’ solid dry gray 
CLAY, then last 6” same as first 6”. 

Solid gray CLAY, dry. l- ~~ - 

PAGE 1 of 2 4-224x-192 



FOSTER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

;ORING NO.: 07 - SB - 09 D 
PROJECT NOJNAME: 4-22-00-192071 / 

NAB - Little Creek 

DATE: 7/13/93 
LOCATION: Site 7 - Sanitarv Landfill 

GEOLOGI!ST/OF’FICE: M. Schmidt / Livinnston, NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER Tom Jones 

20-22 11 2.00 WOH/12-l-l Same as previous spoon. 

11 22-24 1 12 ( 2.00 ( WOH 

11 24-26 1 13 1 2.00 ( WOH/12-l-l 

11 26-28 1 14 ( 2.00 1 WOH/12-2-1 

11 28-30 1 15 1 2.00 ( WOH 

11 32-34 1 17 1 2.00 1 WOH 

I/ 34-36 1 18 j 2.00 1 WOH/lB”-3 

36-38 19 2.00 WOH 

38-40 20 2.00 3444 

Same as previous spoon, but with the F 
SAND stringers at 1’ and 18”. 

Entire spoon gray CLAY with a shell at 
14”. 

Entire spoon gray CLAY with some F 
SAND. 

Entire spoon gray CLAY with traces F 
SAND and occasional F SAND stringers. 

Top 18” gray CLAY with trace of F 
SAND and occasional F SAND stringers, 
then two 2” wood segments with gray 
CLAY with some F SAND. 

Top 8” gray CLAY, then gray CLAY 
with some F SAND and some organics. 

Top 20” gray F SANDY CLAY with 
trace of organ&, then dark grey F 
SANDY CLAY. 

Top 18” dark gray F SANDY CLAY, 
then 2” gray CLAY with some F SAND, 
then 2” gray F SANDY CLAY, then 2” 
light gray CLAY with some F SAND. 

Entire spoon mottled green and brown 
clay. 
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FOSI’ER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

’ --. ORING NO.: 12 - SB - 01 
A’ROJECT NO./NAME: 4-22-00-1920711 

NAB - Little Creek 

DATE: 5124193 
LOCATION: Site 12 

GEOLOGIST/OF’FICE: M. Schmidt / Livingston. NJ DRILLING CONTRACTOR: McCallum Testine.Inc. 
DRILLER: Raleigh Smith Ill 

DRILLING EQUIPMEN’I’/hIETHOD: Mobile B-61 I Hollow Stem Aueer SIzElTYPE OF BIT: 4 l/4 inch 
SAMPLE METHOD: Continuous snlit-snoon START/FINISH DATE:5124193 - 5124193 . 

WELL INSTALLED? YESA NO- SCREEN: 0.10 LENGTH: 10’ ATO 13 FEET 

o-2 ss-1 1.60 6-5-16-23 Top 4”, brown F SANDY CLAY with 
some F-M GRAVEL, then brown CLAY 
with some F SAND. Last 1” dark brown 
CLAY with M GRAVEL. 

2-4 

..r ~ 
4-6 

ss-2 1.20 9-g-10-11 

ss-3 1.60 4-5-7-10 

Entire spoon, brown CLAY with trace of 
F SAND. 

Top 4” brown and grey mottled F 
SANDY CLAY grading into poorly sorted 
F-C SAND. Last 2” Wet. 

6-8 SW 1.40 7-g-10-10 Top 6” same as above last, then grading 
into 3” brown silty F-C SAND with trace 
of fines, wet. 

8-10 ss-5 1.30 5-7-7-10 Entire spoon, light brown F-M SAND, 
wet. 

10-12 SSd 1.90 7-10-14-15 Same as above. 
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FOSTER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

‘RING NO.: 12 - SB - 02 
-xOJECT NO./NAME: 4-22-00-192071 I 

NAB - Little Creek 

DATE: 5124193 
LOCATION: Site 12 

GEOLOGIST/OFFICE: D. Place / Livineston. NJ DRILLING CONTRACTOR: McCallum, Inc. 
DRILLER: Tom Jones 

DRILLING EQUIPMENT/METHOD: Aker AD-2 / Hollow Stem Auger SIZE/TYPE OF BIT: 4 l/4 inch 
SAMPLE METHOD: Continuous solit-sooon mART/FTNISH DATE: 5/24/93 - 5/24/93 

WELL INSTALLED? YESL NO- SCREEN: 0.10 LENGTH: 10’ &TO 13 FEET 

)) O-2 1 SS-1 1 0.9 1 3-2-l-2 

2-4 ss-2 1.20 2-2-l-2 

11 4-6 1 SS-3 1 1.50 1 2-3-4-4 

6-g ss-4 1.70 4-2-3-5 

g-10 ss-5 1.70 3-2-3-4 

II 10-12 I ss-6 I 1.90 I 5-7-9-l 1 

12-14 ss-7 I 1.90 6-10-l l-10 
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I 
Top 0.3’ sandy loam M-F SAND with 
little gravel, traces of clay and silt - tan. I 
M-F SAND with little gravel and clay, 
trace silt, tan. Clay lens at 1.0’ in sooon. I 

Wet to moist (Wet at bottom). Top 0.4’ 
SANDY CLAY with traces of silt and 
gravel. Bottom M-F SAND with little 
gravel, some clay. Trace silt, wet. 

Top 0.5’ &me as above. Middle 0.7’, 
same, mixed with black silt and organics. 
Bottom 0.5’ C-F SAND - clean, trace of 
fines, wet, light brown. 

Top 0.4’, CLAY with trace of sand. 
Bottom 1.3’ M-C SAND, with trace of 
silt and gravel, light brown. 

Same as above. 

Same as above. 
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FOSl'ERWEIEELERENWRONMENTALSERVICES 
TESTBORINGLOG 

BORING NO.: 12 - MW - 03 
ROJECT NOJNAME: 4-22-00-192071 / 

NAB - Little Creek 

DATE: 5124193 
LOCATION: Site 12 - W Side of Bldg. N Wall 

GEOLOGIST/OFFICE: M. Schmidt / Livingston. NJ DRILLING CONTRACTOR: McCallum Testine.Inc. 
DRILLER: Raleigh Smith Ill 

DRILLING EQUIPMENT/METHOD: Mobile B-61 / Hollow Stem Auger SIZElTYI’E OF BIT: 4 l/4 inch 
SAMPLE METHOD: Continuous snlit-snoon START/FINISH DATE: S/24/93 - 5/24/93 

WELLINSTALLED?YESANO- SCREEN: 0.10 LENGTH: 10’ ATO& FEET 

ss-2 

ss-3 

ss4 

ss-5 

ss-6 

1.60 8-8-7-7 

1.80 4-6-7-8 

1.50 10-8-8-g 

1.80 5-7-7-10 

2.0 

I 

6-8-10-12 

Top 3 “, top soil with organics, then 2” 
light brown F SANDY CLAY with M- 
GRAVEL, then 4” brown silty CLAY, 
then brown CLAY. 

Top half of spoon, light brown silty 
CLAY, grading into gray and brown 
mottled CLAY with trace of fines. 

Top 4” same as last, then brown and grey 
F-M SAND with trace C SAND. Last 1” 
wet. 

Entire spoon, light brown F- SAND with 
some fines. wet. I 

Top 4” same as last, then grading into F- 
M SAND with some fines and trace of C 
SAND, wet. 

Entire spoon, F-M SAND with trace of 
fines and trace of C SAND, wet. 
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FO!!XER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

‘ORING NO.: 12 - SB - 04 
iZOJECT NO./NAME: 4-22-00-192071 / 

NAB - Little Creek 

DATE: 5124193 
LOCATION: Site 12 - Alone Canal bv road. 

GEOLOGIST/OFFICE: D. Place I Livingston. NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER: Tom Jones 

DRILLING EQUIPMENT/METHOD: Mobile B-61 I Hollow Stem Auger SIZE/TYPE OF BIT: 3 l/4 inch 
SAMPLE METHOD: Continuous snlit-snoon START/FTNlSH DATE: 5124193 - 5/24/93 

WELL INSTALLED? YESL NO- SCREEN: 0.10 LENGTB: 10’ ATO 12 FEET 

REMARKS: MW - 4 location. HNus both inonerable. 

:::::::. :, :, ,,., ‘::,::.,::.> j.; 

;QEPnr::‘; :~&fj:‘::“;.i: :. ..:.: : : :. ./ .,... :...:..:.:,,.:..::~:.:(,‘,:,::‘, :.:.:.::.p:: . . . . ,,~_., .:: .: .,.,., ..:.:::: . . . ..:.,.:.: .,. .,...,: ..~ 

o-2 

2-4 

4-6 

6-8 

8-10 ss-5 

10-12 

ss-2 

ss-3 

ss-4 

ss-6 

1.50 30-28-10-17 

1.9 I 4-8-9-9 Same as above, with shell fragments. I 

C-F SAND with little gravel, trace of 
fines. Middle, hard packed C-F SAND 
with some clay. Tan to reddish brown. 
Bottom 0.6 CLAY, some F SAND, 
brown and mottled. 

F SAND, little clay and trace of silt. 
Stringers of C SAND. brown to tan. I 

Top 0.4’ same as above. Middle 0.3’ C-F 
SAND, traces of gravel and fines. Next 
0.2’ - clean, white C-F SAND. 
Bottom 0.9’ C-F SAND, brown, trace of 
fines, grading into F SAND. 

Top 0.7’ C-F SAND, traces of.silt and 
clay. Bottom 1.2’, F SAND, trace of 
fines. Both tan to brown. 

C-F SAND, with Trace of fines and 
gravel, light brown. 
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FOSTER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

-lORING NO.: 13 - SB - 06 
PROJECT NO./NAME: 4-22-00-192071 / 

NAB - Little Creek 

DATE: 6128193 
LOCATION: Site 13 - Bv storage area. 

GEOLOGIST/OFFICE: D. Place / Livineston. NJ DRILLING CONTRACTOR: McCallum. Inc. 
DRILLER: Tom Jones 

DRILLING EQUIPMENT/METHOD: Mobile Bdl / Hollow Stem Auger SIZE/TYPE OF BIT: 4 l/4 inch 
SAMPLE METHOD: Continuous slit-sooon START/FINISH DATE: 6/28/93 - 6128193 

WELL INSTALLED? YESL NO,, SCREEN: 0.10 LENGTH: 10’ ATO 13 FEET 

REMARK!3 Well 13-GWd. 

o-2 ss-1 1.20 3-7-66 

2-4 ss-2 1.40 I 6-7-8-9 
I 

ss-3 1.80 742-2 

6-8 ss-4 1.90 10-g-8-12 

8-10 ss-5 2.00 5-66-7 

It 

I I I 

10-12 ss-6 1.80 5-5-6-8 

. , . , .  . ,  .  .  . , .  

Top 0.5’ M-F SAND with some gravel, 
bottom 0.7’ brown mottled CLAY, with 
trace of silt and F SAND. 

Top 0.2’ same. Bottom 1.7’ C-F SAND, 
reddish brown, traces of gravel and silt. 
Whole spoon wet. 

CT0-0042/13-SB-06.LOG PAGE 1 of 1 422-00-19 



FOSTER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

‘ORING NO.: 13 - SB - 07 DATE: 6128193 
.ROJECT NOJNAME: 4-22a-192071 / LOCATION: Site 13 

NAB - Little Creek 
GEOLOGISI/OFFICE: D. Place / Livineston, NJ DRILLING CONTRACTOR: McCallum, Inc. 

DRILLER Tom Jones 

DRILLING EQUIPMENT/METHOD: Mobile B-61 / Hollow Stem Auger SIZE/TYPE OF BIT: 4 l/4 inch 
SAMPLE METHOD: Continuous snlit-snoon SIART/FINISH DATE: 6/28/93 - 6/28/93 

WELL INSTALLED? YESL NO- SCREEN: 0.10 LENGTH: 10’ 3TO 13 FEET 

REMARKS: Well GW-7 

ss-1 0.9 4-3 Augered through asphalt top 0.2’, then 
gravel with C-F SAND to 1.0’. Some 
road bed crushed stone. Bottom 0.9’, 
reddish brown, mottled CLAY, trace of 
silt and sand. 

ss-2 I 1.80 I 2-2-2-2 I Same - lighter color. tin moist. I 

4-6 ss-3 2.00 2-l-3-8 Top 1.8 ’ same. Bottom 0.2’ C-F SAND, 
very clean and well sorted - wet spoon. 

6-8 ss-4 1.70 7-13-13-17 

8-10 ss-5 1.80 7-6-9-9 

C-M SAND, clean well sorted, wet. 

Reddish brown, C-F SAND, trace of red 
clay. 

10-12 SSd 2.00 6-6-8-10 Top 1.8’ same as above with stratification 
of biotite grains. Bottom 0.2’ F SAND 
tan to white, trace of clay. 

12-14 ss-7 1.80 4-6-2-4 Top 0.5’ M-F SAND, trace of clay. Next 
0.5’ F SAND, trace of clay. Bottom 0.8’, 
same with some clay. 

CTO-O042/13-SB-07.LOG PAGE 1 of 1 4-22-m-1921 



FOSTER WHEELER ENVIRONMENTAL SERVICES 
TEST BORING LOG 

JRING NO.: 13 - SB - 08 
PROJECT NO./NAME: 4-22-00-192071/ 

NAB - Little Creek 

DATE: 6128193 
LOCATION: Site 13 

GEOLOGIST/OFFICE: D. Place / Livingston. NJ DRILLING CONTRACTOR: McCallum, Inc. 
DRILLER: Tom Jones 

DRILLING EQUIPMENT/METHOD: Mobile Bdl / Hollow Stem Auner SIZElTYPE OF BIT: 4 l/4 inch 
SAMPLE METHOD: Continuous solit-snoon START/FINISH DATE: 6/28/93 - 6/28/93 - 

WELL INSTALLED? YESL NO- SCREEN: 0.10 LENGTH: 10’ 2.5 TO 12.5 FEET 

REMARKS: Well GW-8 

2-4 ss-2 0.80 

4-6 ss-3 1.40 

6-8 6-8 ss-4 ss-4 0 0 

8-10 ss-5 0.70 1 8-10 / SS-5 1 0.70 

12-14 ss-7 1.80 

4-36-4 

4-3-3-3 

2-24-6 

4-5-7-8 

5-7-9-l 1 

Top 0.5’ GRAVEL with C-F sand and 
clay, slight odor. Bottom 0.9’ black 
CLAY with little sand and silt. 

Top 0.4’ gray CLAY, trace of sand and 
I 

1.0 
silt. Bottom 1.0’ reddish brown CLAY. 

Top 0.5’ dark brown CLAY and 
GRAVEL. Bottom 0.7’ F SAND. Tip 
wet. 

3.0 

Top 1.2’ CLAY, reddish brown, traces of 
silt and F SAND. Bottom 0.6’ C-M 
SAND, well-sorted, gray. Strong odor. 

20.0 

Top 0.5’ dark gray CLAY, trace of sand 
and silt. Bottom C-M SAND, reddish 
brown. well-sorted. 

3.0 

Top 0.8’- C-F SAND, traces of silt and 
clay, tan to gray. Bottom 1.2’ C-F 
SAND, reddish brown. 

Top 1.4’, same. Bottom 0.4’ F SAND, . 
gray, well-sorted. I 
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available for use with tbi!ii RI. 



‘CIOJECT WUYIER @OnlUG NUMBER 

W2036B ’ W-GUI St4EET Of 

SOIL BORING LOG 

#AOJECT CONFIRWTION STUDY LOCATION LIllLE CREEK 

ELEVATION 5.70 DRILLING CONTRACTOR Am 

DRILLING METHOD AND EOUIPMENT AUGER 

WATERLEVELANDDATE 5’. 408186 ST ART FINISH La;CER -L 

- o- 

5- 4-i 

lo- 9-l 

. 

15 - 14-1 

a 

20 - 

m 

- 

Sl 

52 

53 

54 

!.O 

2.c 

STANDARI 
‘ENETRAW 

TEST 
at SULTR 

8’6’6’ 
fNI 

3-4-4-4 

1-o-o-o 

1-0-o-o 

1-o-o-o 

8OlL DESCRIPTIO(I 

NAME, GRADATION OR PLAtTIClTV. 
PARTICLE SIZE DISTRIBUTION. COLOR. 
MOISTURE CONTENT.RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY. USCS GROUP SYMBOL 

F-U sand w/some clay; yel. brown 
(lOYR5/4)-yel. orange(lOYR6/6) 
dry-moist 

Clay; gr. black(SGY2/1); 
soft; sicky; wet . 
shell fragments at 9' 

I 

. 

WELL CONSTRUCTION 

2 inch PVC 

- 

. 

GROUT 

BENTONITI 

SAND 



PROJECT NUYlLR BORING NUYBLR 

Y20368 LC7-6bl2 SHEET 0: 

SOIL BORING LOG 

-PROJECT CONFIRMATION STUDY T LOCAflOlJ LITTLE CREEK 

ELEVATION 9.97’ DRILLING CONTRACTOR ATEC 

ORILLINC UETHOD AND EOUIPMENT AUGER 
. 

WATER LEVEL AND DATE s’ * 4/17/86 START FINISH LOGGER SEXTON 

r UNCLE 

. 
D-i 

5' 4-6 

10 - 9-l’ 

15 -14-u 

20 - 19-2: 
m 

25 - 

- 

g, 
t!! 
CE - 

Sl 
- 

- 

52 
- 

- 

;3 

- 

- 

54 

- 

- 

is 

- 

I. 4 

I. 0 

.7 

3 STAHOAAC 
‘ENETRAT~C 

TEIf 
RESULTS 

rb’y- 
ONI 

2-5-14-l 
GROUT 

F-C sand; yell. brown(lOYRW4) 
-pale yel(lOYR6/2); 
some occasional clay; wet 

zz BENTONITE 

7-7-6-9 

. 

l-3-3-3 - SAND 

?-4-4-6 

, 

F-H sand; w/some slit; 
yel. brown(lOYRW4) 

, 

I-3-5-8 

8OIL DESCRIPTION 

NAME. GRADATION OR PLASTICITY. 
PARTtCLE SIZE DISfRlBUtlON. COLOR. 
MOISTURE CONTENT.RELATIVEDENSIT~ 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY. USCS GROUP SYMBOL $5 

,s above, but with shell fragments. 1 

WELL CON~RIJCTION 

2 Inch PVC 



._ . . . . 

l lOJfCT NuYIEn 

Y20368 SUEET OF 

SOIL BORING LOG 

PROJECt CONFIRMATION STUDY LOCATION w 

ELEVATION 10.27’ DRILLING CONTRACTOR ATEC 

DRILLING UETHOD AND EOUIPMENT~R 

WATER LEVEL AND DATE 5'. 4/17/86 START FINISW 

5 - 4-6 

3 

10 - 9-1: 

. 

1s - 14-l 
w 

. 

. 

20 - 

. 

m  

. 

m  

0 
ge 

tf 
Lr 

52 

53 

i4 

- 

1.4 7-5-12-14 

2.0 3-3-3-3 

1.8 3-4-5-8 

1.0 ‘-4-7-g 

STANDARD 
‘ENEtRAflO 

TEST 
s 

6-b-b’ 
tNl 

SOIL DESCRlPflON I 
~~ 

NAME. GRADATION OR PLASTICITY. 
PARTICLE SIZE DISTRISUTION. COLOR. 
MOISTURE CDNTENT.RELAtlVEDENSlTY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY. USCS GROUP SYMBOL 

F-sand w/some gravel; br. black 
(5YR2/1); rl. moist 

Fine sandy clay; olive gr(5Y4/1)- 
ye1 broun(lOYR4/2); wet at 
5’ J 

W sand w/some c. sand and 
clay; yel. orange(lOYR6/6); 
wet . 

WELL CONSTRUCTION 

- SAND 



/ 
PROJECT NUMBER l ORlNC NUMBER 

Y20368 LC7-6W4 SMEET OF 

SOIL BORING LOG 

mo,ECT CONFIRRATION STUDY LOCATION LITTLE CREEK 

IELEVATION 6.69' DRILLING CONTRACTOR r AfEC 

DRILLING METHOD AND EOUIPMENT AUGER 

WATER LEVEL AND DATE 2’..4/21/86 START FINISH &GE,, SEXTON 

E &AMPLE 

7 
- o-2 51 

5 - 4-6 52 

10 - 9-11 53 

. 

15 --.4-16 i4 

. 

20 - 

2 
H Y 

1.4 

2.0 

1.6 

1.7 

? 

LTANDARI 
PENETRATM 

T6Sf 
Result 

6-4-4 
INI 

7-S-4-7 

2-5-8-10 

2-3-l-l 

!-3-l-O 

6OlL DEIClllPlIOM I 

UAUE. GRADATION OR PLASTICITY. 
PARTICLE SUE DISTRIBUTION. COLOR. 
UOISTuRE CONTENT.RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY. USCS GROUP SYMBOL 

F-M sand w/clay patches; yel. brown 
(lOYR5/4)-olive gray(SY61); 
some shell fragments at 5' 

Fine silty sand; gray(N5)- 
olive gray(SYW2); shell 
fragments. 

, 

WELL CONmRUCllON 

.2 inch PVC 

GROUT 

BENTONI 

SAND 



I 

I 

! 

YZO368 SHEET Of 

SOIL BORING LOG 
I  

PROJECT CONFlRK4fION STUDY . LOCATION LITTLE CREEK 

ELEVATlON 6.84' D~~ILLING CoNtRACfOfl _ATEC 

DRILLING METHOD AND EOUIPMENT AUGER 

WATER LEVEL AND DATE 4’ ’ 4/17/86 START FlNlSI4 &ER DRONFIELD 

_ 3.5 
5 

s- 

. 

- 8.5 

10 - lo 

i- 
52 

53 - 

STANDARD 
‘ENETRATIO 

TEST 
~SULTS 

c-d-4’ 
CN1 

l-1-1 

8 l-2-3 

1 

14 

2-2-o 

?-3-5 i 

BOIL DESClllPflON 

NAME. GRADATION OR PLASTICITY. 
PARTICLE SIZE DISTRIBUTION. COLOR. 
UOISTURE CONTENT.RELATIVE DENSITY 
oa CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY. USCS CROUP SVUSDL 

Clayey sand; gray(NS)-yel. btoun(lOYR5/4 ; 
moist, 51. plastic; st. sticky 

Fine silty sand; gtay(N4). wet 
some roots 

Bndyclay; gray(N3)-gr. 
gray(566/1); soft to 
sl. plastic; wet 

loot blocking spoon at 8.5' 

-C sand u/some gravel; gray (NS); wet 

WELLCONSTRUCTION 

2 fnch PVC - 
I 

m 

.  6 

6ROUT 

BENTONITE 

SAND e 



PROJECT NUMBER 

SUEET OF 
. 

SOIL BORING LOG 

PROJECT CONFIRMATION STUDY ~. LOCATION LIlTIF w 

ELEVATION 6.74' DRILLING CONTRACTOR, ATEC 

DRILLING METHOD AND EOUlPMENT AUGER 
. 

WATER LEVEL AND DATE 5’ * 4/21/86 START FINISH LOGGER DRONFIELD 

- 3.5. 

5- = 

-8.5- 

10 - 10 

- 13.5 
15 

51 

52 

54 

STANDARD 
‘ENETRATID 

TEST 
RESULTS 

6-4-4’ 
INI 

l-2-2 

2-2-l 

2-2-3 

3-4-s 

lOlL DELCRJPTIDN I WELL CONSZRUCTION 

NAME. GRADATION OR PLASTICITY. 
PARTICLE SIZE DISTRIBUTION. COLOR. 
hlOlSTURECDNTENT.RELATIVEDENSlTY 
OR CONSISTENCY. SOIL STRUCTURE. 
MINERALOGY. USCS GROUP SYMBOL 

F-H sand w/clay in layers; 
gray(N4) - brown(lOYR5/4) 
moist-wet 

F-?! sand w/some f. gravel ; 
gr. gray( 5GY6/3)-yel . orange 
(lOYR6/6); vet; some recent 
shell fragments (not typical 
Yorktown fonnatfon) 

2 inch PVC 

. . 

GROUT 

BENTONI 

SAND 



U20368 LC7-6U7 SHEET OF 

SOIL BORING LOG 

PROJECT CONFIRMATION STUDY L~~A~~o,u, LIllLE CREEK 

ELEVATION 1.96’ DRILLING CONTRACTOR Am 

DRILLING MOHOD AND EOUIPMENT AUGER 

WATER LEVEL AND DATE 2” 4122186 START FINISH L&n DRDNFIELD 

- D-l 

- 3.5. 

5w5 

. 8.5- 

10 lo a 

rn 13.5 
15 

15 - 

. 

20 - 

$1 

52 

53 

54 

$: 0. E 

16 

0 

13 

10 

6fANDARI 
‘ENETRATII 

TEST 
RESULTS 

6’b’;b‘ 
INI 

l-l-2 

l-0-0 

1-D-O 

1-D-O 

&OIL DELCWCTIDN WELL CONSlRlJCllON I 

NAME. GRADAllON OR PLASTICITY. Y 
PARTICLE SIZE DISTRIBUTION. COLOR. 
MOISTURE CONTENT.RELATIVE DENSITY 
OR CONSISTENCY. SOIL STRUCTURE. f 

2 inch PVC 
0 

UINERALOGI. USCS GROUP SYMBOL $9 
4 

F-C sand; gray(N4-N6); roots; wet F-C sand; gray(N4-N6); roots; wet m 

j 
GRDUT 

7/// / L 
itz!miu 

- 

Zlay u/some silt and sand; :lay w/some silt and sand; 
gray(N4); very fluid at 3-5'; gray(N4); very fluid at 3-5'; 
sticky; sl. plastic elsewhere; sticky; sl. plastic elsewhere; 
wet wet 

SAND 

.-IL 



U20368 SHEET Of 

SOIL BORING LOG 

PROJECT CONFIRMATION STUDY LOUTloW LITTLE CREEK 

ELEVATION 2.25’ DRILLING CONTMCTDR ATEC 

DRlLLl~C METHOD AND EOUIPUENT 
AUGER 

WATER LEVEL AND DATE 2’ l 4122186 LT*RT rlNsn L'wCEm DRONFIELD 

I 

LI D-l. 

m 

a 3.5- 

5- 5 

_ 8.5- 
10 

52 

53 

STANDARC 
‘EWETRAM 

TEST 

2-0-l 

1-O-D 

!4 1-D-D 

808~ otscmmw 

NAME. QRADATION OR l LAST~C~TV.’ Y 
PARTICLE SIZE D!STRIBUTlON. COLOR. 
MOISTURE COWENT.RELATtVE MNSlTT 
OR CONSISTENCY. COIL STRUCTURE. 
MINERALOGY. USC6 GROW SYMBOL 

f 8 
md 

F-H sand; gray(N6-N4); roots; 
wet; clay at bottom 

. 

Silty Clay w/some sand; 
v. soft-sl. soft, tl. sticky; 
gr. gray(SGY4/1) 

m 

- 

WELL CONSTRUCTION 

. 2 inch PVC 
T 

. I 

GROUT 

, 
//: BENTONlTf 

- 

SAND 
- 



.*..-! 
a Y20%6 CMn u 

SOIL BORING LOG 

3 

2-3&s 

M-2-2 

: ‘; 

I- l-1-1 

.  

‘_ 
.  

.  

.  

.  

:-n srnd; yel. brawn a 
(10~~612);. ,. 

9 
8t 4'. :. 

. ., 
'_ 

:. x r . 4 
:. . 

. 

. 

I 

. 

. 

. 

In8 srnd r/tow clry; 01. grry(SY4/1) . 

4 

. 

. 

m 

. 

. 

. 

- 

m 

. 

. 



. - I  .  ---II-.-- ----m..-- .---.  -_-- , . .  -- I .  __ _ ._- ___ 
-- .  ..a __.. _ _____ ____. _ 

e 
:  

’ :’ ‘. :  ‘. :  
.  .  .  .  .  .  .  I  .  .  .  .  .  . -  .  .  ” - ( .  ; : , -  

‘. 
.  .  .  .:’ 

: ;  

-_I 

d&E 

Y20368 

SOIL BORING LOG 

1s 14-16 

m 

. 

. 

. 
I 
. 
. 

5 - 4-6 

. 

. 

. 

7 

31 

s2 

3-5-S-9 

3-4-4-2 

D-l-l-3 

NAUE. 6RADAtlON OR WnCm. 
l UTKXE SUE MSfRlBUWN. COL# 

; - 

. 
F-N rind; yellow, orange (lOYR6/6) 

olive .gray(516/1) rt 
*3*-&t rt ;rl 

. 

FInt sand and clry;olIvc/gr~y(S~4/I);n~ 

‘1 
i 



32 

1.1 

2.0 

LO 

F-II sand; mats and wood to 5'; 
br. grry(5rRW)-oTfrc black 
(512/l) 

. 

_‘- 
f 
‘1: 
;,8 

! 

.: - .’ 

. . . 

. 
2 6nchWC 



If20368 

SOIL BORING LOO 

St 

i4 

1.6 

1.6 

m 

!.O 

2-b6-10 

Es-6-8 

Ffne sandy cl& yd. brtm(lOYR5/4); d 
. . . 

f-H sand wfsoae sflt; yel. brawn 
(lOYR6/2); mfrt-wet 

. 
.:_ 

I 
.: .-. 

ffnc sandy clay; brown blrct(SYRW); - 
r: 

wet; roots Y..,' 

I 
F-X s8nd w&me sflt and c. srrd; _ 

yell. brom(lCNR4/2)~otfregtay ';' 
(SYVl); roots, mod. 

_ . . 
. 

m 

1 

4 

I 

. 

- 

I 

. 

I 

I 



.  . - -  . -  -  _._-.  _ - - . . .  

-  - .  -.’ 

_ .  

.i ., ._ ;. ,. 
. ; i ? ‘., -. .j’... ,;c ‘. v 

-.. . . . . . “.. 9. .- - - ,. : . ‘.’ _ ,_ /. _ . 
.% 

. . 

. . . I .‘I 

u20368 ME- W 

SOIL BORING LOG 

MOI~ CDNFIRR4TIOII SYUDY Lwttou LInU CREEK 

ELEvATIo)I 2QAQ' ORIUWG CoNTluclorr .AIs 

ORWING MEW00 AND EOURuEwT AUQR 

WATER LEVEL *ND OATE 8’ 4/29/86 START FINISH LkER maml.0 

. 

. 
.- 3.5 

5, = 

. 

. 

. 

$ 8.5. 

10 - 
10 

I 
/ 

. 

. 

. 

. 18.5 
20 

20, 

1 
I 

I 

. 

ii- 
- 

- 

s4 

14 

11 

11 

18 

._ 

3-S-8 
._. 

3-2-3 

5-7-7 

l-1-0 

F-C sand; pale orrngc(lOYR8/2)- 
yet. otwgc(lOYR8/6); 
wet at 8' 



1 . . . 
.  

SOIL BORING LOG 

2-412 

l-1-1 

. 
F-M trnd i/r& t. gtrvtl; gray(n): 
'a. 0'. gray(566/1); vet 

- 
..:: __. 

-' i; _̂ . 
"g- 

. 
a 

. 

. 

. 

'_ I 

. -.. 

. 

4 

. 

1 
I  

- 

. 

. 

. 

. 

m 

. 

I 

m 
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00/20/03 1S:OB e864 404 7060 PWDNABLCRE6K 
- 

Qoot 
-- 

ioIL BORING MM #I 
IATE DRILLED 9/3Q/91 
:LIENT PRC.lac. 
'ROJECTA,AR 1 itt ?e Creek 

.oCATIONBUil dina #x99 
;EOJJOGIC FORYATION~OBacon~ Castle Fnrmatim 

;i:;; SP Tan medium sana 

1:::. * ::. I 
::, ::. : 
::. 
.-:. 
::. 
::. 
.I,:. 
‘...’ 
*:: 

MEMOD OF DRILLING: 'Hollow Stem Drilling 
HOLE DIAMETER: 12 inches 
ENb OF BORING: 17 feet 
WELL DIAMETER: 4, inches 
WELL MATERIAL: WC 
-LING' METHOD: 'Split Spoon 



f&O08 

S3IL BORING MW 87 1 

DATE DRILLEDql30/ql 
CLIENT PRC. Inc. 
PROJECT NAR Little Creek 

j 
I 

LOCATlONma 63699 
GECLOGIC FORMATION Yocktwm and mans Castle 

I 
Far mcns 

I 

i- 

/- 

P Black medium aand. 
.:.*, 
-::. 
.::. 
-:: 

METHOD OF DRILLING: Hollow Stem Drilling 
HOLE DIAMETER: 12 inches ' 
END OF BORING: 16 feet 
WELL DIAMETER: 4 inches 
WELLMATERIAL: PVC 
SAKPLING METHOD:. Split Spoon 

-. 



.---- - -. -.... .-. ._ . . - ._ -. 
09/20;02 13:oa es04 464 7060 

3’ 
m 

. 

PmxmLcREEK talooo 

I 
lSOIL BORING MW 82 i 

DATE DRILLED 9/X)/91 
I 
i 

CLIENT PRC.Lnc. 
iPROJECT&4B 1 it&la Creek 
i LOCATICN~~~Q R3699 i 

IGEOLOGIC FORMATiONYorktow and-ns C utle Formattans 1 

6rom aeaium srnd n/ clay. Wood debris pmsant. i 

6ray ame1uo sene. ~ooa arbrfs present. 
Plight SolVent OdOP. 

i 

PID wordings ct mod debris - 400 wo. ! 

3WlXOD OF DRILLING: Hollow Stem Drilling . 
HOLE DIAMETER: 12 inches 
END OF BORING: 16 feet 
WELL DIAMETER: 4 inches 

WEIlt MATERIU: PVC 
SAMPLING METHOD: Split Spoon 



00/20/'03 13:08 es04 464 7060 
".a D 

Bra10 

SOIL BORING MW #4 
DATE E?RILLED 9/3Q&l 
CLIENT PRC, Inc. 
PROJECT NAB 1 stt3,$ Creek 
LOCATIONmdina 63699 
GEOLOGIC FORMATI3N&ktown and Ratons Castle Formations 

METHOD OF DRILLING: Hollow Stem Drilling 
HOLE DIAMETER: 12 inches 
END OF BORING: 16 feet 
WELL DIAMETER: 4 inches 
WELL MATERIAL: PVC 
SAMPLING METHOD: split Spoon -- 



,,.:v 7 
-= 

\,v 
? 

UlO-WI 

SOIL BORING LOG 

.  

.  

4 13.5 

1s - l5 

a 

.  

.  

. 18.5 

20, 20 

. 

m 

I4 

16 

15 

6 

- :: 

: ,. 

1 

6-7-10 

5-7-9 

'. 

5-6-l 

6-7-t 

.  .  .  

1 

F-H sand; grry-orange F-H sand; gtry-orange 
(loYFc7/4)-gtry(113,n); (loYFc7/4)-gtry(113,n); 

motst motst 
:. :. 

. . 

As lbovc; gr. gray(s6Y4/1); As lbovc; gr. gray(s6Y4/1); - l - l 

occrsfonrl clry Icnrar; occrsfonrl clry Icnrar; . . 
nt nt . . 

- - 

. . 

. . 

. . 

. . 
, , 

! . 

I 
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MOUCT wvDu l MIWO MumDEn 

Ii20368 DHEn 01 

SOIL BORING LOG 

16 

:h I 
? 

.  

‘ 

ii 

.  

.  

I  

.  

.  

.  

.  

.  

I  

I  

.  

.  

.  .  

, ;  ;‘.’ 
.  .  .  .  

,?‘ 

'GROUT 

_. 

l .  

a 

.  

- 3.c 

s- 

5 

.  

.  

.  

10 
10 - 

. 

. 

rn 13.5 

15 I 
15 

m 

. 

. 

- l&s- 

to- 20 

. 

. 

. . 

a 

. 

31 3-9-8 

1-1-o 

4-S-6 

Z-2-3 

I 
f2 13 

15 

1s 

-I 

- 

F-C clryty ssnd; grry gncn 
(%14/l); occasional 
clry ltnm, tl plrstlc, rl. sticky; 
nt 

$3 

$4 



- -  . -  -  - - . .&  _-__ -  _ - .  ._.____ - - - - - - - - - - . - - . -  - -  . - .  - .  _.--___ 
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.  .  
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u20368 
. 

SOIL BORING LOG 

4-66 
. 

. 

. 

'4 sand; olive grry(SYb/l)- 
gr. grry( 5614/l); wet 

mdy clay and clayey sand; 

gray gmn(S6Y4/l);p!rrtlr, 
$1. sticky, wet 

, 

. a$$ - -. 

zz 



. _ . . - -  -  - .  - ^ - -  
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Y20366 Sam 02 

SOIL BORfNG LOB 

- 

52 

i3 

1.s 

1.6 

1.0 

b-6-4-9 

B-5-6-6 

I-1-3-4 

. 
f-I! sand; gray(N5); utt 

. 

. 

1 

Clay u/some rrnd at 16’; olive blact - 
(5Y211); soft, sticty, plastic . 

. 

. 

. 
l 

3 

. 

w  

I 

. 

4 

. 

I 

WELL mNsYnunoa 

ie’r 
.:“’ 

:,_ 
P ‘. 



.  .  .  .  .  

.  
‘: .  

I  :  , .  _̂  

I  : .  .  *. .  .  .  .  .  .  .  .  .  .  .  .  .  s’ . ”  
~ - ;  

: :  

:  

* 

S- 

. 

. 

. 

. 

10 - 

. 

. 

. 

m 

1s - 

- 

a 
I 

'1 
20 

i 

3.5 
5 

1.5 
10 

13.5 
15 

8.5 
20 

16 4-s-9 

13 4-3-2 

18 4-4-t 

- 

18 4-4-2 

F-H sand; yel. orrngc(lOYR6/6)- 
yel. bmn(lOYW4); -1st 

. 
,. '1. . 

. 

Silty clay; gr. blrck(%W/l); 
81. rttcky, plrrtlc, skll fragments 
. 4 

:-. - : _. 
. . . . 

F-C sand; gt. grry(W4/l); 
wet 



,Y!= 

-- 
u20368 

SOIL BORING LOG 

- 
: 

I-6 I.6 

.I 

.3 

2-3-S-a 

2-6-3-j 

f-l-l-1 

F-H sand; pale orangc( lOYR8/2)- 
olive gry(SY4/1): mbt-bet 

3I.srnd; gray(NS-115) 

I 

rndy clay; olive grry(SY4/I);s0#~~‘~ 
I 

p 
2 ,,.ti’m -I. 

r-l 



u20366 1 

SOIL BORING COG 

31 

f2 

53 

s4 

1.7 
: .I 

5-5-9-10 I 

2. F-C ski; br. black; mod, glass, ash 

1.6 2-2-5-s 

1.6 4-6-7-r 

1.7 I-2-3-4 

F-I1 sand; ~4. brom(IOYW4); 
v. mofst rt 6’ 

F-l! sand wfscnne patches of 
dry; I. olfvt gt8y(514/1); 
let 

d 

. 

. 

. 

. 

I 

. 

. 

I 

m 
I 

Ls rbovt; 1. bmn(5YR5/6)-gr. orange ! 
1 

. 

I 

. 

I 

m 

I 

m 

. . 

. 2 facb PVC 

:. - :. 



18.5 
20 $5 I8 

16 

sand-slit; ycl. brsrm[lOYW2~wle 
‘otrnge(10YRS/2)r dfY* lwrd 

Sandy .clry; ytl. or~bgc(10~/6); 
81. plrstlc; Bolst 

F-H sand; yel. orrw 
(1orR6/6); bet 

. 

I 

-. 

. 

- 

. 

. 

- 

. 

3 

I 

. 

- 

. 

. 

. 

. 

- 

. 

. 

. 

m 

. 

. 

. 

. 

I 

m 

m 

m 

II. stl 
Sandy clay; gray(W4)i sl.plrstlc, 

2 lnchPVC .. 

m . . . I ; .: : 

. . 

iEmolt1T 



51 

- 
52 

s3 

- 
34 

Q 
I 

14 

14 

l8 

I8 

2-2-t 

r-11-12 

c-7-12 

i-6-4 

Sandy sflt and sandy clay; yel, i 
brown (lOYR4/2)-yel. orrnge . 
(lOYR616); udrt, stiff, $1. pllrtlc 

. 

I 

. 

. 

-4 
. 

F-H srnd w/some f. gravel: 
. 

yet. orange(lOYR6/6); black 
specs in sand; wet 



u20368 

SOIL BORING LOG 
. 

Sl - 

St 

2-2-t 

6-9- 10 

6-8-U 

Sandy ctry; grry(Rb)-ytl. 
orangc(lOYR6/6); 81. plastic, 
eolst 

. 
F-II sand; ytf. orrirgc 

(lOYR8/6); some black specs 
ln sand; coarse sand rt 
19'. wet 

. 

2 inch PVC 
c .- 

I - 
I 

:’ 

- 

- 

- 

- 

3 

I 

I 

EUTORIl 



Y20360 

SOIL BORING LOG 

. 
a 
m 
. 

5- 4-6 

I 

. 

4 

I 

IO, 9-1 

I 

4 

. 

. 

I5 - 14-1 

m 

. 

. 

. 

20-. 19-2. 

. 

. 

. 

. 

25,' ) 

Sl 

32 

53 

34 

3-Z-t-It 

. 

5-4-4-2 

3-3-2-4 

!-2-Z-2 

F-M rrftd; tr. clay and gtrvcl; 
yet. or&nge(lOYR6/6)-yel. 
brmn(lOYR6/2); wet rt S* 

: lry; grry(N4) -  olfle griy(5Y4/1); l 

oyster shell fragments 

‘7 
r  



nOnc1 WMILI l c+RwD MuMota 

Y20368 u134u2 w I 

SOIL BORING LOG 

2-3-2-2 

4-3-4-4 

b4-4-s 

. 

fine sand w/some sflt and clay; 
yel. brown (lOYRW)-olfve 
grryWR5/6); wet rt 5' 

J 

m 
fine sand w/some sflt and clay; 

yel. brown (lOYRS/I)-olfve . 

grryWR5/6); wet rt 5' - 

. . 

4 

. 

. 
I . 

:-K srnd; yell. orrngt( lOYR6/6); :-K srnd; yell. orrngt( lOYR6/6); 
wet wet . 

. -1 

. 

. 

- 



-- -.. . . . .- . _ 

“‘- -= 

&g& 
wD368 

SOIL BORING LOO 

WDJEct CWFlIWATI~ SlUDY l.OC*TcOw 1rnLE CREEC 

LlEVATlOn 8.03' rnlLLWG cowcucTDn ATEC 

muw unwD *ND EDunrENT AUGER 

WATER LEVEL AND DATE 5 ’ ’ 4/300/86 STMT nm# ,-k stxm 

2.t 

-2-3-4 

c 

6-6-7 

EC7 

Ffnt sand w/some clay, tr. gravel; 
yel. bmm(lOYR4/2) -011~ 
9try(SY6/l); wet at 5' 

m 

. 

. 

. 

. 

- 

. 

. 
F-K sand; yel. orangc(lOYR6/6)- - 

ye’l. bmm(lOYR!i/4); wt; 
grades to fine sand rt 15’ * 

- 

. 

. 

. 

. , 
- 

rl 

m 

. 

. 



. _ . . . . . . . . -- . . 

Y20368 San OI 

’ SOJL BORING LOO 

M-m cowIRluTIoII STUDY LotrrKm LIIllE CREEK 

ELEVATDw 8.36’ DRJLLIMG CoNTMCTOll ATEC 

@RU.mG wEtHOD lrwD EOWWM AUGER 

WATER LEVEL UrD DATE 5’ ’ 4/a/86 ff*m rJNtw L&I stxta 

. 

I 

5 - 4-6 

. 

. 

. 

10 - 9-11 

. 

. 

. 

1s - 14-D 

. 

. 

. 

. 

20- 

I 

m 

. 

I 

a 

32 

33 

t4 

1.6 

I.9 

I. 8 

1.0 

s-6-4-3 

a-4-3-5 

l-3-4-4 

-2-3-3 

8DaDEwm 

NAME. OMDATION OCI tLMTCC(TV. 
l ARTKXE SUE DISlWBflW. COIOCL 
UOtSTURECOwtEwl.lllUTMDE~ 
OR COMMENCE. SOk STRVCfUllL 
MJNEMADGV. USCS Mm b- f !  

Ffra sand and ctry; yel. brom . 
(lOYRVZ)-olfvc grry(SY6/1); 
roots . 

. 

. 

- 

1 

. 

. 

. 

:-M sand; ycl. orangc(lOYR6/6)- 
olfve gray (5Y6/l);uet 

. 

. 

. 

. 

- 

I 

. 

I 

. 

& 

. 

WELL CoNstRucTKMI 

. 

2 ffuh PVC 



ModcCT WuDCll DO~~WC NUUDCD 

Y20368 - lC13-6u5 UC0 of 

SOIL BORING LOG 

f2 

t3 

Ii 
I 

1.6 

2.0 

2.0 

l-2-2-5 

i-3-5-8 

2-4-I-6 

’ DouDEDcRmloN 

OR CONSSTENCV. BOIL LTRUClUL 
MINEMLOG~. uses GAOW tvwb0c 

Ffnc sand rnd clay; yel. otrnp 
(IOYR6/6)-yel. bmn(lOYR5/4); 
et et 5' 

:-II sand; yel. orangc(lOYR6/6)- 
olive bmm(515/6); wet 

. 

1 

I MLLceNsrRumoN 

2 Inch PVC 

7277; 

‘T 

I 

. 

c 

L 

. . 

GROUT 

8EmNr7 

- 

-. 

- SAND 

3 

I 



SOIL BORING&tW Ri 
DATE DRILLED lO/OS/91 
CLIENT PRC.Inc. 
PROJECTNAB 

. 
LOCATION Rackaround Moatorlna Well #1 
GEOLOGIC FORMATION Yorktown and Bacons Castle Formations 

z w 
gz 

zig 2 
an a 

9Z 2 s 
$3 EJ g-1 

LIl’HOLO6IC DEXRIPTION 

CD0 5 10 2 3 
o- -* 1,,~1~,1I 

SC Black and gray medium sand L/ clayey sand band. 

5- 
3 
3 
4 

I SC’ Black and gray clay w/ band of tan medium sand. 

Brown and gray clay w/ some sand. 

11800 Sunrise Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) 6484822 



SOIL BORING&iW i!2 
DATE DRILLED lO/Oq/91 
CLIENT PRC. In..c l 

PROJECT NAB Little; Creek 
LOCATION Backam.md Monitorina Well 82 
GEOLOGIC FORMATION Yorktown and RBons 

u 

5 

10. 

- 

e PI0 
3y 

52 
LI7HNO6IC DESCRIPTION 

a3 

bP3 gz 

5 10 3 s 
I I I I I I I I I 

SC Brown medium sand w/ clayey sand bands. 

_ 
SC{ Gray soft clay n/ 3’ band of medium sand. 

Gray soft ctay n/ 2’ band of sand. 

11800 Sunriie Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) f38-0822 



SOIL BORING BMW #3 
DATE DRILLED lO/OS/Si 
CLIENT PRC.Bc. 
PROJECT NAB Uttle Creek . LOCATION Rackarounrl Moutorina Well #3 
GEOLOGIC FORMATION Yorktown and Bacons Castle Fbrmaf;Lons 

LITHDLO6IC DESCRIPTION 

Eronn medium-fine sand becomes gray clay n/ some 
sand. 

Gray clay w/ a small amount of sand. 

lvlETHOD OF DRILLING&llow stem drilling_. 
3OLE DIAMETER2 intie% 
COMPLETION DEPTH 6.0 FEET 
dELL DIAMETER 4 imes 
HELL MATERIAL PVC 
SAMPLING METHOD SPI,fT SPOON 

11800 Sunriie Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) 6484822 



SOIL BORING-&lW B4 
DATE DRILLED IO/IO/91 
CLIENT PRC. Inc. 
PROJECT NAB little Creek 
LOCATION Rackaround Monitorina Well #4 
GEOLOGIC FORMATION1 9 ons 

LI-NOLOGIC DESCRIPTION 

:.-. .-.-. :.‘. ::. ::. .-.‘. :.-. :.-. t :.-. :.-. :.-. .-.‘. :.-. .-.-. 
jray clay n/ bands ot medium 3and. 

ray meaium sand w/ gray clay. 

. . YETHOD OF DRILLING Hollow stem drrlllnu 
-1OLE DIAMETER 12 inches 
ZOMPLETION DEPTH 13.0 FEET 
rlELL DIAMETER 4 inches 
dELL MATERIAL PVC 
SAMPLING METHOD SPLIT SPOON 

11800 Sunrise Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) 6484822 



SOIL BORINGmBMW #.5 
DATE DRILLED 10/10/91 
CLIENT PRC.Dc. 
PROJECT&B&ttle Creek 
LOCATION Rackaround Monitorina Well #5 
GEOLOGIC FORMATIONYorktown cm 

LITHOLOSIC DESCRIPTION 

Brown medium sand. 

. qETHOD OF DRILLING HoUow stem drill;lna 
3OLE DIAMETER 12 inches 
COMPLETION DEPTH 13 FEET 
tiELL DIAMETER 4 inches 
rJELL MATERIAL PVC 
SAMPLING METHOD.SPLIT SPOON 

11800 Sunriie Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) 6484822 



SOIL BORING RMW #6 
DATE DRILLED 10/04/91 

CLIENT PRC, Inc. 
PROJECT NABLittle Creek 
LOCATION Back~~titorins Well #6 
GEOLOGIC FORMATION Yorktown and flacons Castle Form&ions 

5 

IO, 

J j I LIYtOLOGIC DESCRIPTION 

Asphalt. Crushed Stone Base. 

Bronn medium sand. 

METHOD OF DRILLING Hollow stem drllUna 
HOLE DIAMETERA? inches 
COMPLETION DEPTH 13,O FEET 
HELL DIAMETER 4 inches 
WELL MATERIAL PVC 
SAMPLING METHOD SPLIT SPOON 

11800 Sunrise Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) 6484822 



SOIL BORING BMlrl 4'7 
DATE DRILLED lo/lo/91 
CLIENT PRC,Lnc. 
PROJECT NAB 1 ittle Creek 
LOCATION RackgCSLUnd Monitorina Well 17 
GEOLOGIC FORMATION Yorktown an& Bacon3 Castle Formon 

c 

5 

ic 

I- 

I 

T 

1 
: 
i 

LIlHOLO6IC DESCRIPTION 

Asphalt. Crushed Stone Base. 

Brown medium sand n/ clay. 

Tan medium sand. 

Uhite medium sane. 

. METHOD OF DRILLING HoUow stem drilling, 
i0LE DIAMETER2 inchefi 
ZOMPLETION DEPTH 13.0 FEET 
YELL DIAMETER 4 inches 
JELL MATERIAL PVC 
SAMPLING METHOD SPLIT SPOON 

- 

11800 Sunrise Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) 6434822 



1 
I 

I 

1 
! 1 
1 

I 
I 
L 

. 
tiETHOD OF DRILLING Hollow lstem drilm 
HOLE DIAMETER 12 inches 
COMPLETION DEPTH- 
WELL DIAMETER 4 inches 
WELL MATERIAL PVC 
SAMPLING METHOD__SFLIT SPOON 

SOIL BORING-BMW #8 
DATE DRILLED 10/10/91 
CLIENT PRC.Inc. 
PROJECT- ittle Creek 
LOCATION Rackaround Monitorina Well #A 
GEOLOGIC FORMATION Yorktown and Bacons Casue Forwons 

1 UTHOLOGIC DESCRIPTION 

~ Asphalt, Crushed Stone Bass. 

Gray medium sand. 

Gray Sandy clay. 

11800 Sunriie Valley Drive l Suite 1200 l Reston, Virginia 22091 l (703) 648-0822 
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APPENDIX C 

Well Constructio@ 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTO-0042 Well 07-MW-05D 

Location Site 7 - Sanitarv Landfill 

Town/City Virginia Beach 

County N/A State Virginia 

Permit No. N/A 

Lend-Surface Elevation and Datum 6.10 feet 

Installation Date (s) 7/15/93 

Drilling Method 4 l/4” hollow stem aueer 

Drilling Contractor w 

Drilling Fluid N/A 

Development Technique(s) and Dates (s) Pump - 

7/15/93 

Water Removed During Development 30 gallons 

Static Depth to Water 5.78 feet below top of casing 

Pumping Depth to Water N/A feet below top of casing 

Total Pumping Duration 45 minutes 

Yield 0.75 gpm 

Well Purpose Groundwater monitoring 

Remarks 

Geologist/# M. Schmidt 

Yro-aN2/07-Mw-05 

m 
/ 

STEEL CURB BOX 

J 
LAND SL!?FACE 

hEA!3RNG POWT 

CONCRETE COLLAR 

- CEMENT CASING SEAL 

- 1 FEET’ 

- BENTONTE 

- 2FEET’ 

I 
- - 
- - - - - 
- 
- 
- - 
- - - 
- - - - 

- ~.~FEET* 

- pELLSCF?EEN 

2 INCHDIAMETER - 

JQ SLOT 

- NO. 2 SAND PACK 

c- 12.8FEfTt 

- 13 FEET* 

* DEPTH BELOW LANI YRFACE 

4-224@192071 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTO-0042 Well 12-MW-01 

Location Site 12 - Exchanee Laundrv Waste Disoosal Area 

Town/City Virginia Beach 

County N/A State Virginia 

Permit No. N/A 

Land-Surface Elevation and Datum 12.40 feet 

Installation Date (s) 5/24/93 

Drilling Method 4 l/4” hollow stem auger 

Drilling Contractor McCallum 

Drilling Fluid N/A 

Development Technique(s) and Dates (s) Puma - x. 
5124193 

Water Removed During Development 35 gallons 

Static Depth to Water 6.6 feet below ground level 

Pumping Depth to Water N/A feet below ground level 

Total Pumping Duration 15 minutes 

Yield 3.0 gpm 

Well Purpose Groundwater monitoring 

Remarks 

Geologist/# M. Schmidt 

Tooo42/12-Mw-ol 

LID 
I / 

STEEL CURB BOX 

MEAURING PmT 

CEMENT CASING SEAL 

1 FEET ’ 

- BENTONTE 

2 - FEET’ 

~.~FEET* 

- WELLsCRE8d 

-2- IdCH DIAMETER 

10 SLOT 

- NO. 2 SAND PACK 

-LU3FET* 

l3 FEET’ 

* DEPTH BELOW LANI SU?FACE 

4-224s192u71 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTO-0042 Well 12-MW-02 

Location Site 12 - Exchange Laundrv Waste Disnosal Area 

Town/City Vire;inia 

County N/A State Virginia 

Permit No. N/A 

Land-Surface Elevation and Datum 11.20 feet 

Installation Date (s) 5/24/93 

Drilling Method 4 l/4” hollow stem aueer 

Drilling Contractor McCallum 

Drilling Fluid N/A 

.\ Development Technique(s) and Dates (s) Pump - 

5124193 

Water Removed During Development 50 gallons 

Static Depth to Water N/A feet below ground level 

Pumping Depth to Water N/A feet below ground level 

Total Pumping Duration 20 minutes 

Yield, 2.5 gpm 

Well Purpose Groundwater monitoring: 

Remarks 

Geologist/# D. Place 

Ln 

/ 

STEEL CURB BOX 

,’ 
LAN> SU?FACE I 

a 

I 

- 

- 
- 
- 
- 
- 

- 
- 

- 
- 

MEASURPJG POINT 

CONCRETE COLLAR 

- CEMENT CASING SEAL 

1 
--FEET’ 

- BENTONTE 

- 2.1FEET’ 

- 2.88FETt 

- WELLSCREEN 
2 INCH DIAMETER 

I-Q SlOT 

- NO. 2 SAND PACK 

- 12.8F~T’ 

- l3 FEET* 

cm-oo42/12-Mwm 

* DEPTH BELOW LAN) SU?FACE 

4-22-0@192071 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTO-0042 Well 12-MW-03 

Location Site 12 - Exchange Laundrv Waste Disnosal Area 

Town/City Virginia 

County N/A State Virginia 

Permit No. N/A 

Land-Surface Elevation and Datum 11.50 feet 

Installation Date (s) 5/24/93 

Drilling Method 4 l/4” hollow stem aueer 

Drilling Contractor McCallum 

Drilling Fluid M/A 

Development Technique(s) and Dates (s) Puma - 

5/24/93 

Water Removed During Development 40 gallons 

Static Depth to Water 9.5 feet below top of casing 

Pumping Depth to Water N/A feet below top of casing 

Total Pumping Duration 10 minutes 

Yield 4 gpm 

Well Purpose Groundwater monitoring 

Remarks Water was initiallv brown. but cleared after a few 

minutes. 

Geologist/# M. Schmidt 

CTO-O042/ 12-MW-03 

I 
- 

- 

- 

- 
- 
- 
- 

- 

- 

- 

- 

- 
- 
- 
- 
- 
- 
- 
- 

- 

- 

- 

/ 

- NCH PROTECTIVE 

STEEL CASING 

FEET ABOVE 

LAMI SURFACE 

LAND SURFACE 

CONCRETE COLLAR 

- CEMENT CASiNG SEAL 

- 0.5 FEET * 

- BENTONITE 

- 1 FEET * 

- 1.8 FEET’ 

- WELL SCREEN 

?- INCH DIAMETER 

10 SLOT 

- NO. 2 SAND PACK 

I- 11.8 FEET’ 

- LFEET’ 

* DEPTH BELOW LAND SUf?FACE 

4-22-00- 19207 1 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTO-0042 Well 12-MW-04 

Location Site 12 - Exchange Laundrv Waste Disnosal Area 

Town/City Virpinia Beach 

County N/A State Virginia 

Permit No. N/A 

Land-Surface Elevation and Datum 11.70 feet 

Installation Date (s) 5/24/93 

Drilling Method 4 l/4” hollow stem auger 

Drilling Contractor McCallum 

Drilling Fluid N/A 

Development Technique(s) and Dates (s) Puma - 

5124193 

Water Removed During Development 45 gallons 

Static Depth to Water 9’ 3 l/4” feet below top of casing 

Pumping Depth to Water 9’ 3 l/2” feet below top of 

casing 

Total Pumping Duration 11 minutes 

Yield 4 gpm 

Well Purpose Groundwater monitoring 

Remarks 

Geologist/# D. Place 

CTO-O042/12-MW-04 

, _ NCH PROTECTIVE 

4 STEEL CASNG 

FEET ABOVE 

LAND SURFACE 

LAM> SURFACE 

CONCRETE COLLAR 

CEMENT CASING SEAL 

’ - 7 FEET * 

BENTOMTE 
1.2 

FEET ’ 

2. 2&EET’ 7 

2bELL SCREEN 

- NCl-i DIAMETER 

vie!? SLOT 

NO. 2 SAND PACK 

’ DEPTH BELOW LAND WACE 

4-22-00-192071 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTO-0042 Well 13-MW-06 

Location Site 13 - Public Works PCP Dip Tank and Wash 

Rack 

Town/City Virginia Beach 

County N/A State Virginia 

Permit No. N/A 

Land-Surface Elevation and Datum 7.8 

Installation Date (s) 6/28/93 

Drilling Method 4 l/4” hollow stem auger 

Drilling Contractor McCallum 

Drilling Fluid N/A 

feet 

Development Technique(s) and Dates (s) Puma - 

6129193 

Water Removed During Development 55 gallons 

Static Depth to Water 5.04 feet below ground level 

Pumping Depth to Water N/A feet below ground level 

Total Pumping Duration 6 minutes 

Yield 2 gpm 
Well Purpose Groundwater monitorina 

Remarks 

Geologist/# D. Place ’ DEPTH BELOW LAN.) SiRFACE 

LD 

/ 

STEEL ClRB BOX 
smED I r( 

LAND SlRFACE 

MEASURING POWT 

‘CONCRETE COLLAR 

- CEMENT CASING SEAL 

- Om6 FET’ 

- BENTONTE 
2 

--FEET’ 

- 3*4 FEET’ 

- hJELLScFm 

2 INCH DIAMETER 

UL SLOT 

- NO. 2 SAND PACK 

-13.05FET’ 

7lDOD42/13-hfW-o6 4-22-00-192071 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTO-0042 Well 13-MW-07 

Location Site 13 - Public Works PCP Din Tank and Wash 

Rack 

Town/City Virginia Beach 

County N/A State Virginia 

Permit No. N/A 

Land-Surface Elevation and Datum 8.3 

Installation Date (s) 6128193 

Drilling Method 4 l/4” hollow stem auger 

Drilling Contractor McCallum 

Drilling Fluid N/A 

feet 

Development Technique(s) and Dates (s) Pump - 

6129193 

Water Removed During Development 55 gallons 

Static Depth to Water 5.63 feet below ground level 

Pumping Depth to Water N/A feet below ground level 

Total Pumping Duration 6 minutes 

Yield 9 gpm 

Well Purpose Groundwater monitoring 

Remarks 

Geologist/# D. Place * DEPTH BELOW LAN> SU7FACE 

rm-ao42/13-Mw-07 

LQ 

/ 

STEEL CURB BOX 

r’ 
LAM> SU?+ACE 

MEASURNG POINT 

CONCRETE COLLAR 

- CEMENT CASING SEAL 

- l.0 FEET* 

- BENTONTE 

t- 1smT’ 

- 3.25 FEET’ 

- WELLSCREEN 

2m INCH DIAMETER 

10 SLOT 

- No. 2 SAND PACK 

4-22-0@192071 

. 



WELL CONSTRUCTION LOG 
(UNCONSOLIDATED) 

Project NAB-Little Creek CTG-0042 Well 13-MW-08 

Location Site 13 - Public Works PCP Din Tank and Wash 

Rack 

Town/City Virginia Beach 

County N/A State Virpinia 

Permit No. N/A 

Land-Surface Elevation and Datum 7.8 

Installation Date (s) 6/28/93 

Drilling Method 4 l/4” hollow stem auger 

Drilling Contractor McCallum 

Drilling Fluid N/A 

feet 

Development Technique(s) and Dates (s) Pump - 

6129193 

Water Removed During Development 55 gallons 

Static Depth to Water 5.25 feet below ground level 

Pumping Depth to Water N/A feet below ground level 

Total Pumping Duration 6 minutes 

Yield 9 gpm 

Well Purpose Groundwater monitoring 

Remarks 

Geologist/# D. Place ’ DEPTH BELOW LAFO SU?FACE 

I - 
- - - 
- - 
- 

- - 
- 

- 

- - - 
- 
- - 
- - 
- 
- 

/ 

STEEL CLRB BOX 

LAN) SMFACE 

MEASURNG POlblT 

CONCRETE COLLAR 

- CEMENT CASING SEAL 

- 0.5 FET’ 

- BENTONTE 

- 1.5 FEET’ 

- 2 65FETL - 

- WELLSCREEN 

w?e INCH DIAMETER 

i!& SLOT 

- NO. 2 SAND PACK 

4-zz-oo-19207 1 .TO-O042/13-m-08 



well construction diagrams available for use with this RI. 



- ~@/20/'@3 13:04 es04 484 7080 . . a 
FVD MB LCREZK Epoos 

s;k 9 

Soil Boring Mw-1 

Date drilled 09-30-91 

Project NAB Little Creek 

Location Bulldfng 3699 

Water level 9.50’ 8.0. 

-NlTf SFA\ I-2 Feat 

0-7 Feet m 1 

7 l 17 Feet m SCRFFK 

Well riser consbwted of 4. schedule 40 PVC 
with a20 l dotkd scretn. 



- 

00/20i93 13:os es04 484 7060 

Soil Boring MW-2 
Date drilled 99-30-91 

project NAB little Creek 

Location Building 3699 

Water level 8.41' B.G. 

PWD NAE LCFEEK 

Pa 2-15 Feet 

Well riser cmstruclfsd of 4’ schedule’40 PVC 
with .020 = slotted sawn. 



30/20/03 13:os e804 464 7060 Pm KA8 LCRE6K #oos 

Soil Boring raw-3 

Date drilled 09-30-91 

Project NAB Uttle Creek 

LocatIon Building 3699 
Water level 8.14’ 6.G. 

c)l JT o-1 Feet 

l-3 Feet 

3-15 Feet 

we1 ri6ef t3mmted of 4' 8checide 40 PVC 
with .020. slotbd 6crwn. 



- .--.-_ _ .-- ..^. -- _ ..-. _. - . . . 
OQ/iOiQJ 13:06 mar 4BJ 7060 Pm SAB LCREQ - aoos 

Soil Boring ~~4-4 
Date drliled 09-30-91 

Project NAB We Creek 

Lmation Building 3699 

Water level 8.10’ B.G. 

Well riser cmsfmkd of 4’ schedule 40 WC 
with .020 * slotted sawn. 



Soil Boring BMW-1 

Date drilled 1 O-09-91 
Project NAB Little Creek 

Location Background Well #l 

Water level 8.72’ B.G. 

aRoul 0 - 1 Feet 

WTONITE SE& 1 - 2 Feet 

0 -3 Feet m 

3 - 13 Feet aon SC- 

ND PACK 2-13 Feet 

Well riser constructed of 4” schedule 40 PVC 
with -020 ” slotted screen. 



Soil Boring BMW-2 

Date drilled 1 O-09-91 
Project NAB Little Creek 

Location Background Well #2 

Water level 2.10’ B.G. 

GROU’L 0 - 1 Feet 

WTONITF SW 1 - 2 Feet 

0 -3 Feet m 

3 - 13 Feet U-SCRFFN 

ND PACK 2-13 Feet 

Well riser constructed of 4” schedule 40 PVC 
with .020 ” slotted screen. 



- 
m 

Soil Boring BMW-3 

Date drilled 1 O-09-91 

Project NAB Little Creek 

Location Background Well #3 

Water level 5.90' B.G. 

GROI JT 0 - 1 Feet 

TONIT= N/A Feet 

N/A Feet SOLlD RISER 

- 

1 - 
m 

1 - 6 Feet 

ND PAW 1 - 6 Feet 

Well riser constructed of 4” schedule 40 PVC 
with .020 ” slotted screen. 



P 

1c 

Soil Boring BMW-4 

Date drilled 1 O-l O-91 

Project NAB Little Creek 

Location Background Well #4 

Water level 6.39’ B.G. 

O- 1 Feet 

B 1 - 2 Feet 

0 - 3 Feet WRlSER 

r . 
m 

Z-13 Feet w  

DPAQ$ 2 - 13 Feet 

Well riser constructed of 4” schedule 40 PVC 
with .020 ” slotted screen. 



Soil Boring BMW-5 

Date drilled 10-l O-91 
Project NAB Little Creek 

Location Background Well #5 

Water level 5.18’ B.G. 

0 - 3 Feet m&ER 

3-13 Feet -SCm 

OUT O- 1 Feet 

WTONITF SEAj. 1 - 2 Feet 

PACK 2’- 13 Feet 

Well riser constructed of 4” schedule 40 PVC 
with .020 * slotted screen. 



L Soil Boring BMW-6 

Date drilled 1 O-1 O-91 

‘I 
Project NAB Little Creek 

Location Background Well #6 

I. 
Water level 6.89’ B.G. 

a 

0 - 3 Feet S&m 

a-13 Feet -SC- 

SRQl JT O- 1 Feet 

BE- 1 - 2 Feet 

SAND PACK 2 - 13 Feet 

Well riser constructed of 4” schedule 40 PVC 
with .020 * slotted screen. 



Soil Boring BMW-7 

Date drilled 1 O-1 O-91 
Project NAB Little Creek 

Location Background Well #7 

Water level 4.61’ B.G. 

O- 1 Feet 

WTONITF & 1 - 2 Feet 

0 -3 Feet NLlD RISER 

3-13 Feet WSCm 

D PACK 2 - 13 Feet 

Well riser constructed of 4” schedule 40 PVC 
with .020 * slotted screen. 



Soil Boring BMW-8 

Date drilled 1 O-1 O-91 
Project NAB Little Creek 

Location Background Well #8 

Water level 4.84’ B.G. 

OUT 0 - 1 Feet 

BENToNlTF SE& N/A Feet 

ND Pm 1 - 12 Feet 

Well riser constructed of 4” schedule 40 PVC 
with .020 ” slotted screen. 



-\ 
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LITTLE CREEK RI/W 
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3 

LITTLE CREEK RI/F'S 
SITE 7 MONITORING WELL GW3 

I J I I I I I 

0 5 10 15 20 25 30 35 

TIME (IN DAYS) 



LITTLE CREEK RI/F’S 
SITE 9 MONITORING WELL GW5 

4v 
3.9 - 
3.8 - 
3.7 - 
3.6 - 
3.5 - 
3.4 - 
3.3 - 
3.2 - 
3.1 - 

3- 
2.9 - 
2.8 - 
2.7 - 
2.6 - 
2.5 - 
2.4 - 
2.3 - 
2.2 - 
2.1 -i 

2- I I I I I I 

cl 5 10 15 20 25 30 

TIME (IN DAYS) 



3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 

LITTLE CREEK RI/F’S 
SITE 7 MONITORING WELL GW6 

0 5 '10 15 20 25 30 

TIME (IN DAYS) 



. ! .  

‘; .z  

,‘, 

3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 

LITTLE CREEK RI/FSi 
SITE 7 MONITORING WELL GW8 

TIME (IN DAYS) 



..,? i 

3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 

LITTLE CREEK RI/F’S 
SITE 7 MONITORING WELL GW7 

TIME (IN DAYS) 



2.5 

2 

1.5 

1 

0.5 

0 

-0.5 

-1 

-1.5 

LITTLE CREEK RI/FS 
SITE 7 STAFF GAUGE SGl 

0 5 10 15 20 25 30 

TIME (IN DAYS) 



3.0 

2.0 

1.0 

0.0 

-1.0 

- 2.0 

LITTLE CREEK RI/FS 
SITE 7 STAFF GAUGE SG-2 

TIME (IN DAYS) 
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Surface Soil Sample Descriptims 



SURFACE SOIL SAMPLE DEScRlpTIONS 

07ss-101 Bare spot off small road in the “ear” of the landfill: 1” brown 
silty F SAND with some organics, then brown-orange silty F 
SAND with fill material. 

07SS- 102 South side of landfill between dirt road and tree line: 1” brown 
silty F SAND with some organics, then brown-orange silty F 
SAND with fill material and some GRAVEL. 

07ss-103 
I 

Middle of second island in landfti road, heading east: greyish- 
brown silty F SAND with GRAVEL 

07ss-104 Island in landfill road by Helicopter Road: greyish-brown silty F 
SAND with gravel. Fragments of black beauty on the soil 
surface. 

07ss-105 
I 

Northeast portion of the leveled fill area: tan silty M-F SAND. 

07ss- 106 
I 

Middle of north side of fill area, beyond the base of the new fll: 
brown siltv F SAND. 

07ss-107 Northwest comer of fill area, beyond base of new fill: 4” of dark 
grey silty F SAND, then white M-F SAND. 

07ss-108 Portion of fill area south of Amphibious Drive, approximately 60 
feet west of the sewage treatment plant and approximately 50 feet 
from Amphibious Drive: 2” of brown silty F SAND, then light 
grey F sandy CLAY. 

07ss-109 South side of landfill between dirt road and tree line: 1” brown 
(Duplicate of 07SS- silty F SAND with some organics, then brown-orange silty F 

102) SAND with fill material and some GRAVEL. 

09ss-101 200’ east, 134’ south of north fence/parking lot comer: 0 - l/2” 
is silty, clayey SAND crust, then l/2 - 3” clayey SAND. 

09ss-102 140’ east, 77’ north of south fence/parking lot comer: 0 - 2” is 
clayey, silty light brown SAND grading into F SAND with 
cobbles. 

ssolL.AFP 4-2240-192071 



SURF’ACE SOIL SAMPLE DESCRIPTIONS 

I 
Amjm’ 

I 316’ east, 173’ north of south fence/parking lot comer: 0 - l/2” 
is silty CLAY crust, then brown-orange siltv sandy CLAY. I 

I 
oc&gqJ)4 

I 380’ east, 23’ south of north fence/parking lot comer: 0 - 3” is 
brown F - C SAND. 

648’ east, 168’ south of north fence/parking lot comer: 0 - l/2” 
is silty CLAY crust, then brown-orange silty sandy CLAY with 
some cobbles. 

747’ east, 15’ north of south fence/parking lot comer: surface 
covered with l/8” diameter cylindrical black pellets, then 2” 
brown silty F SAND grading into a F - M SAND with organics. 

kBm,o7 140’ east, 77’ north of south fence/parking lot comer: 0 - 2” is 
(DupKnakof WSS- clayey, silty light brown SAND grading into F SAND with 

Jg?Q cobbles. 

Center of infield, 175’ straight out from center of back-stop 
behind home plate, northern ball field: 2” hard packed grey silty 
F SAND, then trace organics, the 1” brown F - M SAND with 
some fines. 

1~102 12’ east, 37’ north of northeast comer of west dugout, northern 
ball field: 1” hard packed grey silty F SAND, then 2” brown- 
orange CLAY with l/2” lens of F - M SAND. 

lOS$-103 .21’ west, 8’ south of southwest comer of 
ball field: 1” hard packed silty F SAND with some S - h$ 
GRAVEL, then 2” brown-orange CLAY. 

loss-104 22’ northwest, 10’ northeast of northeast comer of ball field 
maintenance building: 1” hard packed silty F - C SAND, then 2” 
brown-orange extremely hard packed CLAY. 1 

loss-105 50’ north of center of access gate inside combat training area: 3” 
dark grey F - C SAND with trace S - M GRAVEL , slightly 
damp. 

SSOLAPP E-2 4-2240-192071 



SURFACE SOIL SAMPLE DESCRIPTIONS 

lOSS-106 96’ west, 10’ south of east comer of northern ball field: 1” light 
brown CLAY, then 2” brown-orange CLAY. 

loss-107 

lOSS- 108 

50’ northeast of light pole behind north ball field: 2” silty F 
SAND, then 2” F - M SAND with trace of fines and some 
organics. 

I I 
184’ east, 12’ south of east comer of northern ball field: 2” silty 
F SAND with some M - C GRAVEL, then 1” brown-orange 
CLAY. 

loss-109 12’ east, 37’ north of northeast comer of west dugout, northern 
(Duplicate of lOSS- ball field: 1” hard packed grey silty F SAND, then 2” brown- 

1021 orange CLAY with l/2” lens of F - M SAND. 

1 lSS-101 Just north of monitoring well ll-GWOl: dark brown-grey sandy 
loam with a large amount of organic material. 

llSS-102 South side of Building 3651, center: dark brown-grey sandy loam 
with a large amount of organic material. 

1 lSS-103 Northeast side of dry well: dark brown-grey sandy loam with a 
large amount of organic material. 

1 lSS-,104 Northwest side of dry well: dark brown-grey sandy loam with a 
large amount of organic material. 

llSS-105 In bottom of drainage ditch, near storm sewer outfall pipe: dark 
brown-grey sandy silty loam with a large amount of organic 
material. 

1 lSS-106 In bottom of drainage ditch, equidistant from llSS-105 and 
drainage ditch storm water drain: dark brown-grey sandy silty 
loam with a large amount of organic material. 

1 lSS-107 In bottom of drainage ditch, 1’ east of drainage ditch storm 
sewer drain: dark brown-grey sandy silty loam with a large 
amount of organic material. 

SSOLAPP E-3 4-22-00-192071 



SURFACE SOIL SAMPLE DESCRIPTIONS 

1 lSS-108 Immediately adjacent to sidewalk and door to Building 3651: 
dark brown-grey sandy loam with a large amount of organic 
material. 

1 lSS-109 7’ southeast of steam vent, in back of Building 3651: dark 
brown-grey sandy loam with a large amount of organic material. 

llSS-110 South side of Building 3651, towards northeast comer: dark 
brown-grey sandy loam with a large amount of organic material. 

llSS-111 In bottom of drainage ditch, near storm sewer outfall pipe: dark 
(Duplicate of llSS- brown-grey sandy silty loam with a large amount of organic 

105) material. 

13ss-101 21’ east, 3’ south of southwest comer of fenced area to the west 
of Building 3 165E: top l/4” organics, then next l/2” F - M 
SAND with fines, then brown silty F SAND with some organics. 

13SS-102 1.5’ west, 19’ south of southwest comer of fenced area to the 
west of Building 3165E: top 2” F - M SAND with fines (not 
sampled), then brown silty F - M SAND with F - M GRAVEL 
(sampled). 

13ss-103 

13ss-104 

2’ east, 4’ south of access gate to fenced area to the west of 
Building 3 165E: top 2” top soil with grass (not sampled), then 
hard packed silty F SAND with F - M GRAVEL (sampled). 

5’ west, 15’ north of northeast comer of fenced storage area, 
west side of site: top 3” top soil with grass (not sampled), then 
dark brown silty sandy CLAY, then brown CLAY. 

13ss-105 48’ west, 18’ north of northeast comer of fenced storage area, 
west side of site: top 3” top soil with grass (not sampled), then 
dark brown silty sandv CLAY, then brown CLAY. 

13SS-106 2’ east, 4’ south of access gate to fenced area to the west of 
(Duplicate of 13SS- Building 3 165E: top 2” top soil with grass (not sampled), then 

103) hard packed silty F SAND with F - M GRAVEL (sampled). 

SSOLAPP E-4 4-22-00-192071 



1 1 

, . .  

1;‘ 

, :  ;’ 

,A / :  :  

:  . : : : , ,  

, , , , * ; ,  

.c  

‘.%’ 

I’ 

, *  

APPENDIX’F 

Clima 

. 



ISSN 0198 

1992 LOCAL CLIMATOLOGICAL DATA N” 
ANNUAL SUMMARY WITH COMPARATIVE DATA : 

NORFOLK, 
‘+ -A cc 

VIRGINIA 

Daily Data r 
105 

100 

95 

90 

85 

80 

75 

70 

55 

80 

55 

50 

45 

40 

35 

30 

25 

20 

15 

3.00 
2.00 
1.00 

0.50 
0.20 
0.10 
0.05 

0.02 
0.01 
0.00 

1 WHO 

III IllIll IIIIII 11111111111111111111111 IllIll’ :: !  ~11 1!111111111111111 
10 20 30 10 2028 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 IO 20 30 10 20 30 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

IIIIII IIIIII IIIIII 111111111111IIIIIIIIIIIIIIIII111 !lIIIIIIIlllllll1llll 
10 20 30 IO .a26 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 M 30 10 20 30 10 20 30 10 20 30 

10 20 30 IO 2028 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 10 20 30 

TEMPERATURE DEPKTS NORMAL UAXIYUY. NORMAL YlHlYUY AND ACTUAL DAILY HIGH AS3 LDX VALUES (FAHRENHElT) 
PREClPlTATlON IS MEASURED IN ISCHES. SCALE IS NON-IJNEAR 
SUNSHINE IS PERCENT OF THE FQSSIBLE SUNSHINE 

I CERlIfT THL: IHIS IS RN OfFltllL PC:-::AlION Of THE NATIONAL OCEANIC LND AlltOSPHERIC A?:\:SiRA!!ON. AND IS COfIPILED FROM 
RECORDS ON fllc 41 1Hf NOTIONAL CLIRA‘:: DATA CtNlIR. ISHEVILLE. NORIH CAROLINA, 28801 



METEOROLOGICAL DATA FOR 1992 
Y 

GITUO 

JAN 

51.1 
34.3 

:::i 

71 
14 

3: 

NO.RFOLK. VIRGINIA 

GUN0 

JUNF 2 

i% 
72.0 
61.8 

lie.>:: 36O54*N L 

53.1 
36.6 

q3::: 

?C 
22 

:; 

83.2 

;58:: 
67.6 

44 1 

SEP 

2:; 
73.5 
64.0 

89 

E ZON 

GCT 

67.6 
51.7 

2:: 

N: 13731 

YEAR 
Elfr”:3N: F 

AF- YAY 

6e . 70.7 
48 

!k ; 

54.0 

62.4 52.5 

0 

527 336 

9 179 

270 23 

59 54 40 4P 

6.4 6.1 6.7 7.0 
6.3 5.8 6.5 6.5 

b 
11 
13 

1: 
14 

7 

1: 

10 

0 

10 

0 

15 
0 

E 

'6 

112.9 114.2 

4.52 
2.01 

24 
:::; 
5- 6 

68.' 
51.5 
59.8 
49.3 

'02 
JUL :O 

JAN :; 

DE6RfXe~~ BASE 65 Of: 

COC’itlp 

68b 

0 

575 

0 

496 25; 125 

b: 51 

623 

0 

3293 

1499 

51 X OF WSIBLE SUiWINE 53 57 53 5Z 
- 44 

AVG. c/T COVER Itonthsl 
65 
62 

: 
'7 

10 

0 

0 

1 

0 
0 

13 
0 

k: 

: 
15 

9 

0 

1 

4 

: 

z 

6.4 
6.1 

s--- SC - Sunset 

N”“E&~FQ~k 
- Hadnight 

s.-- se to Sunset 
4 . - ,f 14 

i3 

I' 9 

- - 0 

5 2 

i 2 

c 
* i 

. 0 
t 0 

j15.6 -01619 

1:: 
170 

-: ear 
--•-tly tloudv 
-:: oudy 

P-t: 8Di tat ion 
.C’ inches or more 118 

Sno-.Icr pel Icts,hai I 
1 3 inches or .cwe 0 

32 Thzders terms 

Her., Fog, visibi Iity 
l/4 mile or less 

T-retwe OF 
--bz i8”I 

90° and above 
32O and below 

-RihimuI 

32O mod belo- 
O” and be lo,. 

23 

25 
0 

AN. STATION PRESS. Imbl 115.6 315.9 114.6 j19.6 

RELAE yIOITY 1x1 

Ho/ 07 - ,3 (Local Time) 

Hou 19 

:: 
2; 

2.07 
0.82 

25-26 

0.0 
0.0 

61 
BO 
b0 
76 

:; 
64 
72 

:::65 
o-11 

0.0 
0.0 

?E 
if 

6: 

:: 
bl 
70 

1.2c_ 
0.32 ::;: 

1.2 ?- 8 

: 0.0 0.0 

5 

PRECIPITATION Iinchosl: 

YItr Equivalent 

S:o”s’ 
26 

: 
27 

t: 
25 

-ToteI 
+~=test I24 hrsl 

b.Ice pcl Iets.hai I 
-70t.l 
-6rtrtest I24 hrsl : 

APR 5 -Date 
YIND: 

hltmt 
3;rcction I ! ! I  
-‘4td lrphl 

Arecmqe Speed lrph 1 
Fa:est ohs. I ttin. 

-0;rection I!!1 
-*cd laphl 
-5tc 

pe-- tust 
->;rcction I!!) 
-:+etd I mph 1 
-*ate 

354 
1.0 

'0.2 

:s :5 
24 RAR 27 

588 
11.1 

$g 

Y? 
14 

339 
3.3 

11.3 

36 

:: 

to 
29 

::: 
11.8 

$ 
27 

:5 
27 

l!!i See =.efcrcnce Notes on Page bB 
Page 2 



NORMALS, MEANS, AND EXTREMES 
NORFOLK. VIRGINIA 

VITI( 

APR 

68.; 
$;! 

1 

9; 
l%( 

2( 
198: 

83.2 

t::: 

101 
1964 

4s 
1967 

4 BAR 

JUL‘ 

tt:: 
78.4 

103 

'7: 
1979 

LATlTUDE: 36'54'N 
j ‘-2, 
L- 
r - -3 

ONE: STERF 

OC! NOV 

90.2 
54.: 
72.; 

SE 
61.3 

2:; 
43.5 

80 
1991 

198: 

4 146 39: 667 

225 31 c a 

bi 60 g; 56 

N: 1373 

YEAR 

Sk 
59. 

AUG 1:: 

JAN 19; 

344 

145 

b 

5.4 5.5 6.1 5. 

11.7 
7.1 

!2.2 

7.5 

0.0 

1.3 

2.3 

'k5 
ll.E 

8.C 

0.C 

0.5 

1.E 

105. 

%: 

115. 

2. 

36. 

20. 

0.1 
0.0 

::A 

::: 

3.1 
0.c 

D18.E 

Ei 
14.7 

9.1 

0.3 

0.4 

2.2 

0.0 
1.0 

'2 

32. 
4. 

53. 

018.7 

3; 

74 

j19.3 

:: 

St 

1017. 

: 
5 

3.41 

'%: 

F););47 
4.38 
1371 

2.8E 
7.01 
1951 
0.49 
1965 
3.35 
1952 

3.17 

%i 
0.67 
1988 
2.76 
1983 

:::: 
UG 199 

0.2 
EP 198 

11.4 
UC 196 

0.0 

0.0 

0.6 75.7 24. 
1950 i95e E8 198 

0.6 11.4 14 
195c 1958 EB 198, 

10.3 

NE 

1O.b 

su 

11.1 

SU 

04 

19;: 

N 

19:; 

21 

19:; 
ii 

1989 

5: 
1985 

N 

19;: 

10.1 

SW 

0. 

C! 19:; 

I 

CT 19;; 

IN : 
/ 

15.; 
57.; 
bb.4 

lO( 
1991 

19Z 

21: 

15 

5: 

96 

6: 

, 
I 
, 

I 
1 
) 

t 

i 

I 

I 

I 
, 
I 

I 

1 

I 

, 
I 

I 
I 

I II 

I 
I 
I 

1 

6: 

5.E 6.1 

8.E 
2 

1z:c 

1o.c 

0.1 

2.E 

1.4 

K 

i:: 

7.E 
1o.c 
13.; 

9.5 

0.c 

4.E 

1.5 

1.6 
0.C 

0.c 
0.c 

015.c D15.C 

7: 
75 
SC 
61 

81 

:: 
bt 

2.87 
7.25 
1984 
0.43 
1985 

?$? 

3.75 

s:; 

%: 
3.41 
1980 

NGITUDf: 

la) JAN 

:t:3 
39.3 

44 
19:: 

44 -3 
1985 

77E 

C 

2e 55 

44 b.1 

:: 
9.c 
b.C 

44 15.5 

44 10.5 

44 0.E 

44 0.4 

44 2.2 

:: ::i 

:: 
lb.5 

0.1 

201018.: 

44 7: 

:: 
44 

I; 

3.7: 

44 % 
44 1.05 

1981 
44 3.80 

1967 

a4 14.2 

44 'E 
1973 

Extremes 
-Record Highest 
-Year 
-R.cord Lowest 
-Year 

85.7 

% 

104 
1980 

49 
1982 

0 

394 I t 62 

5.9 

57.5 
39.4 
48.5 

19:: 

19;: 

&&3 

0 

57 

512 

0 

0 

282 

0 

415 

WRIUL DEGREE DAYS: 
Heating Ibase. b5’fI 

Cooling lbasc 65’fl 

I: OF POSSIBLE SUNSHINE 61 

6.1 

f:Z 
14.5 

10.9 

0.2 

1.9 

1.9 

Vi 

t:; 

b7 63 

6.0 

7.4 
11.8 
11.8 

11.2 

0.0 

0.4 

0.5 

11.7 
0.0 

::: 

015.7 

;i;; 

10.6 

0.0 

7.c 

1.1 

8.8 
0.0 

0.0 
0.0 

016.7 

:: 
bl 
74 

NW%S,~,OVE~ ;;;hfs’ 

NUN NUNBER Of DAYS: 
Sunr i se to Sunsc t 

-Clear 
-Partly Cloudy 
-Cloudy 

Precipitation 
.Ol inches or more 

Snow.Icc oclIcts.hai 
1.0 inches or more 

s-2 

e.1 
5.2 

-2 q -. 

.- -. 3 

1.7 

z.7 

2.6 

- c .a :', 

-4; 
:.0 

5.8 

7.6 

:A:: 

9.2 

0.0 

5.8 

1.0 

Thunderstorms 
Heavy fog Visibilitb 
114 mile or Is; 

Te.pW.Bt"re 
-Ha. imum 

9Oq and above 
32' and below 

-Minim”m 
32' and belor 

0' end below 

016.4 015.0 AS. STATION PRESS.Imbl 

RELA;W; t4~t!lDITY ILI 

Hour 07 Hour 13 (Local Time 

Hour 19 

3.86 

% 

z;: 
3.18 
1958 

1% 
9.9 

1980 

12.5 

SC1 

:5 
1973 

11.8 

Sk 

02 

19;; 

6: 5: 
1989 19% 

co 

30 

SU 

:i 
1989 

5.15 

:i:; 
0.77 
1983 
5.64 
1969 

0.0 

3.0 

PREClPITATlDN linchosl: 
Ystcr Equivalent 

-Norma I 
-tlsximum llonthly 
-Year 
-Minimum flonthly 
-Year 
-Maximum mn 24 hrs 
-Year 

1 C.0 
199: 

7 - -- 0 
199: 

9.0 

SW 

34 

19% 

br: 
1986 

8.8 j 9.7 

SW / NE 
I 

35 : 
46 i :: 

1979 j -385 

YIND: 
tleen Speed Imphl 
Prevail in 

9 
Direction 

through 963 
fastest Dbs. 1 IlilT. 

-Direction I!!1 
-Speed IflPHl 
-Year 

Peak Gust 
-0;rection I ! ! I  
-Speed ImphI 
-Date 

2’: 
‘385 

I ! : I  See ?eference Notes on Page bB 
Page 3 



PRECIFIT.ATlO~ (inches) NORFOLK. VIRGINIA 

YEAR 
963 

1964 
1965 
1966 
‘967 

1968 
1969 
1970 
1971 
1972 

1973 
7974 
1975 
1976 
1977 

1978 
1979 
1980 
1981 
7982 

-AN 
-5-X 

1 56 
2 73 
.: 96 
5 _ 44 

i ozt 
: 27 
2.33 
c 94 

.i 54 
3.52 
: -8 
i 51 
f 33 

k 32 
5 47 
2 5.4 
. 35 
: 35 

1983 2 21 
1984 ; 77 
1585 : 98 
:966 Z 52 
1987 1- 93 

1988 
1989 
1990 
1991 
1992 

Recoyd 
nean 5 36 3.35 3.74 

FEB 
3.75 
4 .5b 
2.53 
3.63 
3.56 

2.01 

5:s 
3.59 
3.50 

3.21 
2.98 
4.18 
1.50 
2.23 

1.91 
5.01 
2.91 
2.26 
5.81 

6.23 
4.66 
3.53 
2.71 
3.11 

2.70 
5.80 
2.93 
0.84 
2.07 

MAR APR 
2.98 
2.26 

:::; 
1.34 

4.76 
4.88 
3.37 
3.ee 
2.55 

4.69 
5. lb 
5.72 
2.21 
4.05 

7.00 
5.13 
4.40 
1.88 
3.04 

4.55 
5.09 
2.02 
0.75 
2.30 

2.11 
6.50 
3.49 
4.70 
2.b3 

1.29 
2.38 
2.24 
1.68 
1.31 

3.17 
2.07 
3.19 

5::: 
3.44 
3.34 
4.19 
0.99 
2.20 

2.90 
7.00 
3.25 
2.26 
1.71 

6.13 
7.25 
0.43 
3.31 
3.83, 

3.53 
3.62 
3.55 
6.39 
1.26 

3.24 3.69 
se Refe! 

AVERAGE TEMPERATURE (deg. F) NORFOLK, VIRGINIA 

MAY 
1.55 
1.56 
1.48 
5.95 
3.25 

2. lb 
2.05 
2.58 
4.46 
3.35 

3.62 
3.74 
3.37 
3.74 
3.86 

5.64 
10.12 

5.17 
2.75 
3.07 

3.52 
6.23 
3.23 
1.41 
2.65 

;:;; 
3.79 
0.64 
3.46 

r’EAR JAN 
1963 z-.1 
1964 L2.3 
1965 34.7 

;;;; - 35 .-. 2 8 7 

19bB 34.8 
1969 33.5 
1970 35.9 
1971 25.6 
1972 '5.4 

1973 c- 5 
1974 C-:6 
1975 ;5.0 
1976 36.9 
1977 2%. 2 

1978 3'.o 
1979 1900 ;?; 

1981 
1982 

zg.7 
.4 

1983 c- -.2 
1984 35.5 

:2:2 3r.9 3 % 3 
1987 35.6 

1988 3-.3 
1989 c= 3 
1990 '='3 
1991 'C-5 
1992 r;::7 

Record 
Mean c- 2 
Ma= ‘Z’$ 
Mil? -. --. -1 3 

FEB 
35.7 
39.9 
41.0 
38.6 
39.9 

34.0 
39.8 
39.3 
44.7 
43.2 

39.7 
43.4 
45.4 
49.9 
41.5 

32.6 
33 :3 
34.7 
43.1 
42.0 

40.8 
46.7 
40.4 
42.1 
30.7 

42.5 
43.6 
50.2 

2:: 

42.2 
50.5 
33.9 

MAR 
53.4 
49.5 
44.4 
47.9 
47.7 

50.0 
44.7 
44.7 
46.9 
49.0 

52.3 
53.1 
47.4 
53.4 
54.7 

46.1 
49.1 
46.5 
45.4 
48.8 

51.0 
45.4 
51.8 

t;:: 

49.5 
50.? 
53.2 
52.7 
48.8 

2:: 
40.0 

APR MAY- JUNE j JULY AUG 
b0.3 
55.2 
54.5 
54.5 
se.0 

55.1 
59.6 
56.7 

Z9 

Z:Z 
52.7 
61.9 
61 .9 
57.2 
58.1 

:::2" 
55.0 

55.7 
55.6 
62.0 
57.3 
54.6 

64. b 
66.4 
69.7 
b3.b 
61.2 

64. b 
67.4 
67.5 
65.0 
63.5 

f2:: 
be.3 
66.3 
68.2 

74 ? 77 - i 
74 4 I 

3::: 
76.9 

76.7 
74.4 
77.1 
74.9 
75.2 

80.5 
76 2 
78.0 
75.7 
75.8 

7b.? ’ 78.3 
72 $ : I 70.3 

;i.$ 

e1:4 

65.6 74 - 76.1 
66.7 73.1 77.1 
67.9 73 s 80.9 
b5.1 70.3 79.0 
69.4 73 : 70.6 

2:: 
68.8 
67.6 
68.3 

73.2 00.3 
76.2 76.7 
74 i 78.2 
76 - 82.1 
77 : 82.4 

76.5 
77.4 
79.6 
75.9 
81.0 

80.5 
70.5 
80.9 
75.1 
75.3 

79.0 
70.4 
77.2 
76.6 
79.b 

56.5 65.6 73.5 80.1 80.8 
56.5 65.6 70 5 79.2 77.7 
58.7 66.6 75 5 80.6 70.0 
61 .b 72.8 76.5 82.0 79.5 
56.2 b2.4 72.: 81.8 75.6 

57.5 66.8 74.- 78.8 
66.9 75.8 83.5 ; 86.9 
48.1 57.7 66 : 70.6 

77.6 
85.1 
70.0 

age 61 

JUhE : JULY 
9 -i : 2.01 
i zz !  ( 7.33 
4 k? ) 3.46 
1 E; j 4.26 

>- : 7.21 

3 _- 4.23 
4 :- 
4 4 

!  
!  

72.70 
5.33 

2 _ Z I 4.81 
4.%2 4.65 

5.73 
4.‘ j  , 

4.19 
5.47 

1 :?' 
5 -- I 

7.85 

4 L‘ z : !  
5.10 
5.83 

3,Er / 0.77 
1.:: 7.66 
b.S- j  
1 5. i 

6.14 
j  2.59 

2 55 / 3.20 

3 33 ; 2.93 
5'3 ' 4.86 
3 5' I 4.06 
4.5' j  6.46 
2.22 : 4.52 

P 

AUG 
2.40 

‘XfZ 
5.24 

11.19 

2.04 
5.20 
2.04 
4.63 
1.60 

7.92 
8.33 
0.74 
2.62 
4.57 

1.66 
1.79 
4.54 
6.87 
6.51 

3.07 
2.25 
1.89 
4.80 
2.04 

5.69 
7.49 

11.85 
3.77 

14.32 

5.38 
age 6f 

SEP 
6.84 

72.26 
0.77 
3.39 
3 02 

OCT 
! 

5::; 
1.25 
1.25 
0.93 

0.86 
4.40 
4.82 
3.51 
3.00 

l- 
T 

I 

NOV DEC 
5.3' 2.05 

7 .i! 
2.72 
7.72 
5.46 
6.91 

4 ,a: 
3.:e 
1.33 

10.'2 
4.c9 

1.37 
1.23 
3.19 
2.90 
6.09 

1.17 

'::E 
3.18 
3.63 

1.50 
1.74 
4.21 
3.28 
4.25 

4.52 5.29 
1.94 0.57 
6.36 3.92 
0.2b 1 .b7 
7.00 1.8; 

1.74 2.85 
5.10 2.94 
1.00 3.73 
2.04 4. b5 
2.06 2.85 

1.14 
0.49 
1.05 
1.75 

3.56 
2.97 
2.34 
0.97 
5.44 

1.90 
1.22 
1.63 
2.38 
5.41 

4.40 
5.26 
2.01 
1.70 
3.43 

3.24 
2.68 
5.71 
1.21 
3.51 

4.02 
3.69 
1 .b6 
1 .72 
4.26 

2.45 
’ .08 
3.13 
4.84 

3.14 
3.93 
3.01 
T.44 
4.12 

5.83 
3.81 
3.62 
3.22 
3.92 

2.31 
3.98 
2.64 
3.77 
6.30 

6.10 
2.22 
3.79 
3.74 
2.33 

0.67 
3.86 
2.67 
2.43 
3.15 

INNUAL 

;3::: 
26.67 
37 96 
45.21 

37.71 
48.33 
35.22 
47.73 
46.23 

45.50 
47.96 
50.53 
32.36 
43.77 

47.64 
64.96 
38.38 
41.18 
49.15 

49.47 
44.62 
44.01 
26.48 
44.69 

38.68 

2%:;; 
42.92 
47.20 

3.83 3.!3 2.67 3.19 45.14 

See Reference 'bates on 
=a;e 48 

SEP OCT NOV DEC 
66.7 
70.8 
73.6 
69.9 
66.5 

60.1 
57.7 
59.3 
59.3 
58.7 

71.5 63.1 
71.1 62.2 
74.7 b3.7 
73.2 66.7 
71.9 59.2 

75.0 
7!.4 
72.3 
71.1 
76.3 
73.2 
72.8 
76.1 

5::: 

;g:t 

:::i 
74.3 

70.5 
73.9 
71 .b 
72.3 
73.5 

64.2 
58.7 
63.4 
57.7 
60.5 

60.8 
60.4 
60.4 
59.6 
60.2 
62.7 
66.9 
b5.9 
65.4 
5b.b 

56.9 
b2.7 
65.9 
61 .9 
59.7 

72.5 
79.8 
65.1 

62.1 

2:; 

52.0 < 35.2 
54.6 46.5 
51.6 i 43.5 
50.5 / 41.4 
45.9 i 44.0 

52.9 41.4 
49.1 ; 40.9 
51.7 47.0 
52.4 , 52.3 
51.6 : 49.2 

53.5 j 46.2 
53.5 ; 46.0 
55.7 : 43.2 
45.9, 41.4 
54.0 i 43.5 

56.0 45.3 
56.4 44.9 
49.9 42.3 
50.7 , 41 .o 
54.4 I 
52.6 !  

48.8 

49.9 i 
41 .6 
50.9 

60.3 54.9 j .fE:; 
54.3 ; 46.0 

54.2 i 42.4 
53.3 I 34.8 
55.0 I SC.5 

2;:; ; , 47.6 44.6 

52.3 : 43.7 
60.3 57.4 
44.2 35.9 

\NNUAL 
57.7 
59.1 
58.6 
57.1 
57.5 

58.4 
58,9 
59.1 
60.4 
59.5 

60.9 
60.9 
b0.8 
59.7 
60.6 

58.7 
58.9 
59.4 
58.6 
59.3 

59.6 
60.0 

$5 
59.9 

59.2 
60.1 
62.8 
62.4 
59.8 

59.8 
68.1 
51 .b 



HEATING DEGREE DAYS Base 65 deg. F NORFOUL VIIUXNIA 

NOV 

2z- 
398 
437 
566 

361 
469 
393 
391 
406 

E3 
290 
566 
321 

268 
272 
449 
423 
334 

370 
450 
162 
317 
320 

324 
356 
301 
377 
337 

T T FEB 
-ET 
667 
734 

gzz 

697 
714 
567 
628 
703 

599 
547 
443 
657 
902 

879 

687: 
636 
674 

z: 
637 
73c 
646 

60‘ 
417 
527 
575 

HAR 

-2z 
527 
533 
471 

624 
622 

z45 
403 

377 
541 
362 
330 
580 

499 
564 
605 
495 
426 

601 
421 

2% 
474 

486 
410 
386 
496 

APR 
-E- 
330 
244 
294 

192 

z:: 

$3 

183 
382 
186 
150 
235 

213 
196 
159 
303 
295 

281 
172 

%E 
266 

3% 
166 
262 

See ReferencePaN;2e5sA on Page 68. 

COOLING DEGREE DAYS Base 65 deg. F NORFOLK. VIRGINIA 

-I- 

AlJG / SEP OCT 

OTAL 

379; 

348; 
352' 
380r 
372! 
326r 

3611 
316: 

%5' 
349; 

:E' 
261' 
3211 

OTA 

JUNE 

DEC -5 

SEP 

-T 

:I 

eo 
16 

3 
4 

1: 

H 

2 

:: 
6 

27 
16 

6 

: 

2 

:5 
22 

9 

OCT 

zz- 
195 
191 
211 

:5: 

295 
797 

2:: 

27: 
158 

162 
190 
181 

2; 

126 

63: 

2:: 

265 
134 
102 
132 
179 

DEC 

zz 
657 
725 
644 

726 
741 

::z 
486 

2245 
671 
726 
661 

614 

z96 
739 
498 

718 
432 
731 
620 
582 

692 
928 
444 
542 
623 

JAN 

z- 

:z 
928 

814 

2% 
572 
752 

2:: 

7:: 
860 

787 
759 
994 
907 
762 

908 
928 
790 
779 
851 

602 
541 
657 
686 

1968-69 
1969-70 
1970-71 
1971-72 
1972-73 

1973-74 
1974-75 
1975-76 
1976-77 
1977-78 

1978-79 
1979-80 
1980-81 
1981-82 
1982-83 

1983-84 
1984-85 
1985-86 
1986-87 
1987-88 

1988-89 
1989-90 
1990-91 
1991-92 
1992-93 

-5 

: 
23 
10 

:5 
17 

2z 

3 
22 

; 
27 

YEAR JAN FEB 1 IlAR 

7 

I 
I 
1 

01.0 
2 j 

: 
0 : 8 

0 2 16 
0' 16 
3 1 0 

13; 11 
4: i6 

:: 1: 
0 !  
0 j  00 
0 j  1 

0 ' 
0 j  : 
51 20 
0 ; 
0 !  : 

0; 1 

e9; 53; 

: I 
13 

0 

APR HAY JUNE JULY 

42 
19 

2; 

125 369 
140 303 

76 336 
40 183 

446 
374 

33% 

:47 
22 

102 
66 

9 
13 

:: 
8 

363 
244 
366 
337 
289 

286 
171 
274 
407 
257 

21 

9: 

s 

;7 
51 
71 
63 

112 
124 
157 
110 
145 

12 
153 
103 
766 

115 
146 
146 
153 
168 

118 
106 

2:: 
51 

250 
345 
284 
343 
364 

280 
412 
324 
347 
220 

420 
419 
429 
417 
515 

352 
385 
499 
468 
428 

481 
368 
419 
537 
544 

477 
447 
489 
534 
527 

1969 
1970 
1971 
1972 

1973 
1974 
1975 
1976 
1977 

1978 
1979 
'980 
1981 
1982 

1983 
1984 
1985 
1986 
1987 

1988 
1989 
1990 
1991 
7992 

35- 199 

36 
54 
45 
29 
39 

62 
102 

97 
109 

0 

LZ 
137 

233 

4 

2; 
15 

7 

10 
10 

8 
18 

9 

158 
lb2 
151 
124 

175 
153 
174 
155 
193 

753 
143 
183 
156 
141 

163 
158 
173 
176 
183 

159 
179 
179 

Z' 9 

412 311 
3 

;:3 
259 
217 

42r 
39c 

j  307 
213 

46C 233 

& ;:: 

48- 25' 
42-L 239 
49- 35? 
32+ 
33: 

189 
164 

4fC 265 
426 188 
382 , 267 
zt7 : 285 237 

49E 173 
39f 286 

::; I 218 248 
335 270 

ence Notes op. 
Page 53 

See Refe 'age 63. 



SNOWFALL (inches) NORFOLK. ‘-1RCINIA 

‘CASON 
163-64 

364-65 
1965-66 
1966-67 
1967-68 

1968-69 
19b9- 70 
1970-71 
1971-72 
1972-73 

1973-74 
1974-75 
1975-76 
1976-77 
1977-70 

1970-79 
1979-00 
1980-81 
1981-82 
1982-83 

1983-84 
1984-85 
1985-86 
1986-87 
1987-88 

1988-89 
1909-90 
1990-91 
1991-92 
1992-93 

Record 
Mean 

I JULY 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

AUG 
0.0 
0.0 
0.0 

::: 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

7 
0.0 

7 

SE=’ OCT 
- - 
: I 0.0 

I. 00 f 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

NOV 
0.0 

OTO 

: 

0’0 
7 
T . 
T 

0.0 

2: 
T 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 

0.0 
0.0 
0.0 
0.0 
0.0 

T  
See Refert 

OEC 
-r 

Of0 
1 .o 
2.0 

3.8 
: 

: 
0.0 

1.4 
1 
T  

1 .o 
1 

0.0 
0.0 

1 
1 .B 
0.4 

: 
1 

: 

1 
0.5 

: 
0.0 

0.9 
:e No 

Page 

T  

tee 
!  t 

JAN 
1 

10.6 
14.2 

4.2 
1.5 

370 

OTO 
9.1 

OT3 
1 

4.7 
1.3 

1 .o 
9.3 

T  
4.2 

T  

T  
4.3 
3.6 
1 .b 
4.4 

OTO 
0.0 

1 

2.7 
5 on i 
#A 

‘a 

FE8 i rAR 
5.0, . .o 
3.9 0.5 Y.  

5.1 
2.9 i 

-1 
2.9 

0.8 - 9 

2.8 2.4 c2 
1.8 j  i 
4.7 : 1 

Oi9 / 3.8 7.s 
T .  2.0 

1.4 : 2.0 
9.2 j  2.3 

12.7 j  
18.9 i 13'7 

0.0 0. 3 
0.1 T  
3.0 1 

5.2 1 

y:.yi 

1.0 i 

: T  

:.2 
T  1 

24.4 !  o.oj : 

OTO j  
i 
1 

2.9. 1.0 
ge 68. 

-c 

REFERENCE NOTES NORFOLK, VIRGINIA 

APR 
1.2 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

1 

a:0 

0.0 

0'0 
0.0 
0.0 

0.0 
0.0 
0.0 

1 
: 

0.0 
0.0 

T  

OTO 

0.5 
0.0 
0.0 

1 

i 

MAY 
0.0 

Z:E 
0.0 
0.0 
0.0 
0.0 

E 
0.0 

::: 
0.0 

::: 
0.0 
0.0 

E 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

t:: 

0.0 

JUNE 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

T  
0.0 
0.0 

T  

rOTAL 
8.0 

14.5 
14.7 

'9: 

6.5 
5.8 
6.6 
1.8 

13.8 

9.8 
1.1 

f . 
7.1 

12.8 

13.7 
41.9 

0.3 
6.1 
3.4 

5.2 
4.3 
4.7 
3.8 
4.7 

24.9 
0.5 

T  
1 

7.5 

GENERAL 
T  - TRACE AYIOUNT. 
BLANK fNlRlfS DfNOlE RISSING sRfPORTf0 DAlA. 
I INDICAIES A SlAIlON OR IN:'-MEN1 RfLOCAllON 

Sft SlATION LOCAlION lA9~f :S PAGE 9. 

PP - INCLUOCS LAST OAT 0' -=fVlOUS I(ONlW 
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OUGH 1960. 
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VIRGINIA 

The city of Norfolk, Virginia, is located near 
the coast and the southern border of the state. 
It is almost surrounded by water. with the 
Chesapeake Bay immediately to the north. Hampton 
Roads to the rest. and the Atlantic Ocean only 18 
miles to the east. It is traversed by numerous 
rivers and 

sea 
waterways and 

level is 13 feet. 
its average 

There are no 
*ation 

=-by 
hilly areas and the land is low and kvel 
throughout the city. The climate is generally 
marine. The geographic location of the city 
rith respect to the principal storm tracks. is 
especially favorable, being south of the average 
path of storms originating in the higher latitudes 
and north of the usual tracks of hurricanes and 
other tropical storms. 

The winters are usually mild. while the autumn and 
spring seasons usually are delightful. Summers. 
though warm and long. Irnquently are tempered by 
cool periods, often associrti with northeasterly 
winds off the Atlantic. Temperatures of 100 
degrees or higher occur infrequently. Extreme cold 
waves seldom penetrate the area and temperature3 
of zero or below are almost nonexistenl. Winters 
pass. on occasion, without a measurable amount of 
snowfall. Most of the snowfall in Norfolk is light 
and generally melts within 24 hours. 

Based on the 1951-1980 period, the average first 
occurrence of 32 degrees Fahrenheit in the la11 is 
November 17 and the average last occurrence in 
the spring is March 23. 
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Preliminarv Local Climatoloqical Data (WS Form: F-6) 

Station: WSO. NORFOLK. VA 
Month: MeY 
Year: 1993 

Cati tude Lonai tude 
+3&54 +7612 Gnd Elev. 24 ft. Std Time: EST 
==3==t====scIs==~oI--~~:=--i-=-~--------LtJ ---- --- - - -C--=t=--===r-=C=====-=--===IJ=~=~-~-==f: 

lenorraturc in Fahranhri t : Prcciolin.): Saor : Mind : Fastest 1-W: Sunshine : Skv : Peak Yin1 
(=5===.=~z.z.zC==t=~~- ---=::~P-----===a blu&)s 3---~~‘f=e==----‘tt 
-I- -2- -3- + + w&p -& + + 4 -la- -11- -12- -1% -14- -ls- -lb- -17- -II 
DPV Mar Rin Avg Dep. HDB CDD YItn ha Beotb Ay. apeed Dir llins. IPaaL SR-Ss Ycathcr beed Dil 
-w-zz- ---ZTP-a-B- w---------m 

1 
2 
3 

4 
S 
b 
7 

a 
9 

14 
11 
12 
13 
14 

I 1s 
16 
17 
II 
19 
2a 
21 
22 
23 
24 
2s 
2b 
2l 
28 
29 
38 
31 

96 b 
a3 4 
77 a 1 
38 a 
18 18 
II 3 1.3.8 
76 3 1.8 
91 3 
lb b 
a3 1 
a4 18 
57 a 1.3.8 
29 18 
49 a1 

188 a. 
w 2. 
45 P 1.8 
25 9 2.3.8 
26 9 1.3 
a 9 1.8 

82 3 
56 43 
lb b 
a5 5 
a3 7 
14 91 
88 41 
97 3 
s7 9 3 
98 I 
21 9 1.3 

==---=-=--as -xx=---=r= -r!xzz=-t= --,1=3-----z a--- 

Sur 2437 1888 22 136 2.88 8.8 395.9 lb883 176 
--====--I==-=-----2----,,-,,_,,__=-=t=-------,-=~=-~= --e-m -=21+~=0=-,r==f==,-,====3 
Iv/g 70.6 58.3 9.9 Fast Di;. Psbl Z 5.7 nu hu 

Hisc A-----) 2ll 22 26383 61 a37 u 
---------------------------------------___--______________-____________1____1_________ ------------------------------------------------------------------------------------------------------- 

Hates: 
a Last of several occurrences 
Colurn 9 reading are taken at ll7W 
Colurn 17 Peak Uind in H.P.H. 

78 
81 
74 
17 
74 
79 
74 
73 
81 
a4 
a7 
89 
a2 
67 
a2 
a7 
74 
a4 
79 
bb 
67 
69 
79 
a3 
a7 
71 
a3 
lb 
al 
78 
a2 

kbb2 a 
54 bB b 
51664 
61 69 b 
M 69 b 
61 78 1 
se&b 3 
SS 64 1 
53 67 3 
59 72 8 
62 7s 18 
b4 n 12 
62 72 7 
55 61 -4 
5368 2 
637s P 
b2 68 1 
62 73 b 
63 71 4 
50 62 -5 
51 59 -9 
52 bl -7 
58 b5 -3 
62 73 S 
b7 7l I 
58 65 -4 
56 7a 1 
61 74 4 
64 76 6 
se 64 -b 
57 78 a 

3 
a 
a 
a 
a 
a 
a 
1 
a 
a 
a 
a 
a 
4 

a 
a 
a 
a 
a 
3 
6 
4 
a 
a 
a 
a 
a 
a 
a 
I 
a 

a 8.W 
3 I.# 
I a.19 
4 1 
4 a.21 
5 a.17 
1 I.# 
a I.# 
2 I.# 
7 8.1 

18 8.88 
12 a.23 
7 8.28 
a 8.28 
3 8.W 

18 8.W 
3 I.# 
a a.ab 
b I.57 
a 8.82 
a a.18 
a 8.8s 
a I.# 
a I.# 

I2 I.# 
a 8.48 
5 8.W 
9 a.1 

11 a.22 
a a.11 
s 8.47 

I.! 
I.8 
8.8 
8.1 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 
8.8 

a 6.6 
a P.7 
a 9.8 
a 11.8 
a 9.2 
a 7.9 
a a.4 
a 8.1 
a 1.5 
a 9.4 
a 18,s 
a 9.7 
a 12.8 
a 9.8 
a 11.7 
a 13.4 
a 9.1 
a 9.2 
a 7.9 
a 18.1 
a a.7 
a 7.1 
a 1.9 

a 15.8 
a 13.9 
a 7.3 
a 6.6 
a 14.2 
a Il.9 
a 18.2 
a 12.1 

14 
lb 
15 
28 
12 
21 
lb 
12 
15 
17 
14 
28 
17 
lb 
21 
28 
28 
18 
14 
lb 
lb 
15 
lb 
28 
18 
lb 
18 
28 
lb 
18 
18 

13 
14 
a9 
12 
15 
26 
as 
13 
14 
12 
24 
33 
K 
as 
22 
24 
a5 
35 
lb 
36 
81 
81 
22 
21 
23 
81 
28 
22 
a3 
lb 
23 

792 
b87 
b4I 
317 

a2 
663 
b31 
763 
728 
bW 
7a4 
478 
241 
415 
a48 
a39 
379 
213 
224 

a 
bW 
478 

m 
7% 
71s 
125 
be9 
a42 
493 
as3 
182 

28 s1 
22 SI 
21 I 
23 I 
18 Sl 
29 I 
28 WI 
17 I 
18 SI 

n sl 
21 S’ 
38 1 
29’S 
21 WI 
28 s 
37 I 
28 n 
33 M 
21 
22 I 
21 Y 
24 I 
16 S 
28 Sl 
28 
23 ~ 
lb II 
28 8 
2s n 
2s I 
33 s 



Pteliminarv Local Climatological Data (k$S Form: F-6). Paqe 2 

Station: WSO. NORFOLK. VA 
Month: MAY 
Year: 1993 

tTerocraturc Data1 tPrecipitrtion Data1 SYMOLS UED IN CtUHtl 16 

kwqr itontblr: 68.5 Total for ktb: 2.68 
Departure fror Norul: d.4 Departure fror Woreal: -6.93 1 = FO6 
tiiqbnt: 89 OJI 12 bertnt in 24 hrc. 1.62 DII 18-19 2 = Fffi REDUCING VISIBILITT 
Lowest: 46 on 1 TO 114 NILE OR LESS 

WALL. ICE PELLETS, ML 3 =‘THuNDER 
Total for rmtb: X.8 inches 4 * ICE PELLETS 
kcatnt snmfrll in 24 hrs: 1.1 on 5 * HAIL 
6rcrtnt snw death: WI 6 = 6LAZE OR RM 

-7 * BLOBIN DUST W BUlYIffi SiWD REWCIE 
VISIBILITY TO l/2 NILE DR LESS 

INo. of Davs rithl I UEmER - No. of Davr rithl 8 = SNOKE OR HAZE 
9 = BLOYIffi SNOB 

llax 32 or btlw: 6 1.11 inch or mre Precip: 12 . I* TORNAW 
nBx 91 or above: I 1.11 inch or oorc Precip: 9 
Nin 32 or bcloa: Q B.51 inch or am Precip: 1 -7 
llin B w below: B 1.N inch or more Prccip: I z 

a! ., 
Uteatinp Dqree Davs (Raw 6Sl I ;‘r 

s 
Clear (xdr B-31 18 P 

Total this Month: 22 Partly Cloudy (scale 4-7) 8 
Departure frw Normal: -31 Cloadr krle B-11) 13 
Sr~onrl Total: 3331 
Deuarturr froa Norul: -115 

Kmlinq Degree Davs (Base 651 1 
Total this tlmth: 136 
Deuartwe froa Wareal: +51 I Prnwr Data I 
Seasomal Total : If9 Wiqbnt Sea-Level 31.34 in. I 3. 
Departure frm Nom11 GS Lount Sea-Level 29.58 in, oa 13 

Maxirue Precipitation 
(Delta T) Minutes) s II 1s N 31 45 bl 81 111 11) 151 18) 
Precipitrtiw IInches) 1.13 B.19 I.21 R.22 a.26 8.28 8.28 8.28 R.3R R.33 1.34 1.43 
Ended Date 31 31 31 31 31 31 31 31 27 2l 27 27 . 
Time 1553 1556 lb08 1686 lblb lb31 1646 1786 848 848 928 958 

---~ -------=-1===-3======--L==========5=========-,=--=====r======I--=r=--------- 

. 



Frel’ml dry Local Climatological Data (WS Form: F-6) 

lh Stationr WSO, NORFOLK, VCI 
Month: JUN 
Year-r. 1993 

Latitude Longitude 
+J654 +7612 Gnd Elev. 24 ft. Std Time: EST 
txxx**xt~t,**M3xt3L*tt**lx~,~~,*,~~~~x*~~lx~~.~f*x**xx~*x*‘x*.,*x~*x:x***~t*xxxxx*xx*~Ltxx*xLxx*xx:txx’xx,x~~,LLxt*, 

Tcapwaturr in Fahrenheit : Prrcip(in.1: Snow I Mind : Fastrst ldinr Sunshine I Sky : Perk Hind 
(:8LIIxxxxxxxL38xxxx~~o~uxxs;88~uuu~~u~uxxx8uu ColunM ~888stf~Uxxxx~uxxxauxx~xxxxxx~xxcx~~xx~x~xx:~8~~~ 
-w w- 1 2 -I- -4: -9 da- -bb- -l- -I- -90 -la- -11- -12- -13- -14- -1% -lb- -17- -11 
Day nu Ma nvq Dep. HDD CD0 Natw 9nw D#.h Av9. Spnd Dir Ninr. ZPSBL SR-SS Ytrthtr Spmd Dir 
~~x8~-~~--~ow~nnx*u~~~8uuu~uuax~un~~xxxx~-no~~~xxx~ux~~nuux~x~~~u~~~xxB 
1 71 54 63 -a 2 I 1.46 a.0 I 11.3 23 I1 378 43 b 1 39 I 
2 73 51 b2 -9 3 I B.# 8.1 I 9.2 17 # 757 87 4 1 22 E 
3 77 62 70 -1 a 5 1.93 e,fl 0 8.5 17 59 174 2: 9 310 31 WI 
4 61 6372 I I 7 I.87 I.1 I 8.7 lb 34 539 62 9 113,s 33 Y 
5 89 63 76 4 I I1 1.22 0.0 I 9.5 29 36 bS0 69 5 1,3,a 28 I 
b lb 59 bl -4 I 3 I.# 0.1 1 12.9 20 36 733 84 4 33 Y 
7 04 57 71 -I 0 b a.# 0.1 1 11.1 15 24 862 92 7 2s Sk 
8 91 71 RI a I lb 1.W a.1 I 11.1 18 23 392 IS 9 1,318 23 SY 
9 96 n 07 14 0 22 1.# 0.1 a 11.8 lb 24 711 a2 b 0 26 Sl 

II 97 78 88 1s I 23 hll I.0 1 11.1 IS 28 lab 92 1 B 21 su 
11 06 nes 7 0 15 1 0.1 1 8.9 lb 2l bW 75 7 3,8 39 
12 75 68 72 -1 I 1 1.# 1.1 I 11.5 17 lb 3# 35 9 23 Nt 
13 13 66 18 -4 a s 1.n 1.1 I 13.1 20 # 95 11 II 25 NE 
14 n bb 72 -2 I 7 I.# 1.1 I 12.3 18 I7 321 36 7 26 NE 
15 -es tin 1 a 1s 1.89 0.0 e 9.7 13 19 4S9 52 7 2s I 
lb 84 71 78 4 I 13 1.w B.8 I 8.1 13 w 633 72 8 18 NE 
17 87 79 19 4 a 14 1.10 1.0 0 7.6 14 84 864 98 b 15 I 
18 94 71 82 7 I 17 0.1 a,1 I 11.1 14 21 617 70 b 21 Sk 
19 96 74 85 II a 21 e.ll 1.0 I 11.5 IS 22 621 71 1 1 21 Sb 
2% 96 75 06 11 0 21 1.19 0.1 1 11.3 lb 23 472 lb 1 .B 23 Sk 
21 99 72 81 b 0 lb 1 9.8 0 11.9 17 22 329 36 9 22 SL 
22 90 73 02 b I 17 1 0,s I 11.4 17 28 bb6 76 b 23 II 
23 89 62 71 -S 0 b Q.01 0.0 0 10.8 17 36 862 98 D 0 23 I 
24 06 $1 72 -4 I 7 B.W 0.m B 7.7 13 a4 865 98 B 16 NE 
2S 06 bl 73 -3 I a MAa 0.0 a 8.1 15 14 as4 97 1 . 23 SI 
26 89 69 79 3 I 14 1 1.1 I 9.4 lb 21 Ma 62 b 21 E 
27 82 69 lb 1 a 11 l.ll a.0 I 1.6 IS I1 469 53 7 1 17 
28 91 bb 79 2 I 14 L# 1.8 I 6.0 14 lb 670 n i 2,R 2l i 
29 9S 71 85 b a 18 8.13 1.1 I 9,s 17 2l bn 69 b 1,R 23 I 
3) 86 ban I I 12 Lla DA I 6.3 12 34 526 61 8 l,E lb I 
*x~LII*uxu***tr~~~*x~““*x~~~~“~~uu~ ~~~ux*“**“U*xU-x~xxxxu~*“~~~**“**xx~~~~~xx, 

. Sue 2562 2RM S 345 2.79 1.1 291.5 llS3R lb8 
~X~X~~~X~S~X~X88~~X8XX~XXXXX8~X~~~~U~U~XUX~~~XX~XX~X8~XXX~~~X~XXXXXXXXXXXX~XX~XXXXXXXXXXXXXXXXXXX~~XX~XX~ 
Av9 05.4 b#.l 9.9 fast Dir. Psbl a 5.b Max (rpb 

llirc -------) 23 01 26351 67 039 N 
3xx=xxxxx:3xx=xx:txxt~xxx:x::xuxxxxL*xxI*t::t:x:xxt=xl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~--~~~~~---~~~~~~~~~~~~~~~~~~~~-. ---------_-----_-_-----------------------------------. 
Notes: 
Colurn 9 readings are taken at 8789 
Colurn 17 Peak Mind in N.P.H. 



Prel iminary Local Cl imatological Data (WS Form: F-6) , Page 2 

Station: WSO, NORFOLK, VA 
Month: JUN 
Year: 1993 

Avwaqr .llonthlyl 
Departure frw Norrrl, 
Hiqhrrt: 97 on Ill 
Lowit; 51 on 2 

MO. of Days with1 

Nax 32 or below 0 
Rax 91 or abww 10 
llin 32 or below 0 
Mn I 01 brlow I 

tH@atinq Dqrw Days llrsr bSl 1 

Total this Honthl - 3 
Drprrturr frw Norrrll +S 
S,asonal Total1 mb 
Deprrturr fror Wwulr -111 

Pmcipitation Data1 

76.1 
+2.Q 

Total for Honth; 2.79 
Deputurc fror Norrrll -1.Q 
Grutnt in 24 Rrr. 1.76 on S-4 

BNDWRLL, ICE PELLETS, WL 
Total for month: B,B indttr 
Brrrtnt mwfrll in 24 hrs: 
Cutnt snw dqthl on 

I NEATHER - No. of Dqr with1 

1.11 inch or nor# Prtcipr 7 
B.lB inch or mrr Prdp; b 
B.SI.tncb or wre Prwipi 2 
1.11 Inch or more Prwipl I 

ChU (Kale b3) b 
Partly Cloudy (scale 4-7) 17 
Cloudy (scale B-11) 7 

SYMOLB USED IN COLUllN lb 

1 8 FOB 
2 = FO6 REDUCING VISIBILITY 

TO 114 WE OR LESS ,-- 
s*THuNDER 

al 
4 l ICE PELLETS 
5 = HAIL 
b ’ 6LAZE OR RIME 
7 . BLOMIMS DUST DR BLOWING ShND BEDUCII 

VISIBILITY TO 112 HILE OR LESS 
1 . Sk4KE OR HAZE 
9 = BLOYINS SNOW 
1 * TORYADD 

Kc-alinq Dqrtr Days (Base 65) 1 
Total this flontht 345 
Departure fror Norrrl: tb8 t Fmssurc Data 1 
Seasonal Total: 594 Highest Str-Lwtl 31.31 in. on 2S 
Departure fro8 Nwulr +133 Lwnt Str-Lwrl 29.7s in. an 4 

lrxirur Prrclpit,ation +a 
(Delta 1) Minutes) 5 1D 15 21 3) 4s bI 8) 111 in 15) 1BB 8~ 

Precipitation (Inchrs) U.23 1.48 83 1.73 1.88 1.89 1.91 1.12 1.12 1.14 1.24 1.23 
% 

Endnd Date 3 3 3 3 3 4 4 4 4 4 4 4 
Tiw 2335 2348 2345 2350 2356 7 22 42 182 122 132 222 



1373 

preliminary Local Climatological Data (WS Form: F-6) 

Stati on: WSO, NORFOLK, ‘VA 
Month: JUL 
Year: 1993 

-&ti tude Longitude 
i3=4 +7612 Gnd Elev. 24 ft. .Std Time: EST 

-----=====E--------------------==~========== 

Temperature in F&teabeit : Prerip(in.1: Sow : Yin0 : Fastest l-hn: Sunshine : Sky : Perk Y 

-I- -2- + + + -k- -&- -7- + 4 -18- -ll- -12- -13- -14- -1% -I&-- -17- 

Day Rax Hin hg hp. HID CDD Uattr SOON. Bepth lvg. Speed Dir Him. ZPSBL SR-SS bather Speed 
-------e - ----- -=-M-i- -~~~I~~~------,------- -------em 

1 04 
2 88 
3 95 8.9 Q 
4 89 8.8 8 
5 94 8.8 8 
b 95 8.8 8 
7 96 8.8 0 
E 100 8.8 8 
9 98 8.8 8 

18 99 8.8 I 
11 97 8.8 8 
12 98 8.8 8. 
13 9s 8.8 Q 
14 181 8.8 8 
IS 92 8.8 8 
lb 87 8.0 I 
17 85 8.8 8 
18 98 8.8 8 
19 98 1.8 8 
:a 91 8.8 8 
11 ;1 39 0.8 a 
G 35 8.8 8 
7’ rll 36 8.8 6 
24 96 8.8 8 
25 a7 8.8 0 
26 88 8.8 8. 
27 89 8.8 8 
26 94 28 8.11~. . c. 
29 183 :. 

8.8T~ 
s em r’ DA- fi:’ 1e;1 16 

38 93 .19 e.n- 1.4 I’ 8.S 17 
31 85 14 8.88 8.8 I 9.8 lb 
--- ----1=-a - ---m-- ---- 
9~ 2853 2328 

c--e 57~~8,3b L--P------ ---- ---e==z=m=--- 
8 8.8 256.7 !b532 158 

---u_------------------------ c==zzzI--=----- -~---------------------------==r==----I--===-==1=======r===^--=------ 
iivg -92.8 74.0 8.3 Fast Dir. Psbl 2 5.1 !a2 i 

-_____-__________-___-_:____-__-_____________--___“i~~~~~::~__~~-----~~--~~~~-----II___-____________I”-_. ____-____----_------_________^__________---------------------------------------------------------------------------------. 

78 n . 8: 
74 ” 81 *’ ‘4 
74 85 0 
74 02 ‘5 
7505 0 
7585 7 
7707 9 
7B 89 11 
79 89 11 
n 88 ia 
n a7 9 
79 89 ,11 
79 .01 ‘9 
7s 88 1i: 
79986 a 
73 I 2 
69 77 -1 
b7 79 1 
7704 s 
78 85 b 
77 03 4 
68 n -2 
hb 76 -3 
14 62 3. 
76 02 3 
7382 3 
76 83 4 

#-- 
8 
8 
8 
I 
8 
8 
a 
I 
0 
a 
8 
I 
I 
4 
I 
8 
8 
8, 
8 
0 
a 
8 
8 
I 
8 
8 

12 1.11: 
lb T 
28 827 
17 8.82 
29 8.88 
28 8.88 
22 T 
24 8.88 
24 8.88 
23 8.U 
22 Lee 
24 8.88 
22 8.88 
23 8.88 
21 T 
15 8.88 
12 8.88 
14 1.1 
19 8.81 
20 8.88 
I9 1.88 
12 8.W 
11 8.88 
17 T 
17 8.82 
17 8.1 
18 8.88 

8.8 8 
8.8.. I’ 

1 9.5 
7.1’ 
9.4 
b.6 
5.7 
7.1 
a.3 
B.9 
7.3 
8.9 
7.8 
8.2 
7.2 
0.s 
0.6 
9.1 
a.3 
7.3 

11.5 
9.5 
8.8 
b.9 
6.8 
7.0 
b.1 
8.8 

18.4 

.&b 

28 
13 
14 
18 
89 
12 
13 
14 
18 
38 
II 
14 
14 

!4 
14 
lb 
17 
14 
17 
14 
14 
15 
12 
29 
I4 
14 
18 
l2 

es 
19 
27 
2b 
84 
17 
22 
29 
34 
31 
28 
28 
84 
23 
36 
85 
84 
12 
19 
a1 
14 
94 
lb 
18 
87 
13 
24 
36 
28 
u 
36 

489 
278 
4u 
581 
733 
471 
453 
784 
798 
649 
795 
719 
537 
b7b 
298 
732 
791 
765 
155 
588 
737 
se2 
361 
247 
188 
392 
29s 
767 
b44 
4a2 
488 

56 s 118 
31 18 a 
46 7 1,3,a 
bb 88 
34 1 1,a 
54 3 1,s 
52 4 3,6 
81 38 
81 16 
74 2 3,a 
91 18 
83 3 
62 5 3,8 
78 43 
34 ‘9 8 
85 5 9 
92 4 
a9 4 
ia 9 
59 ‘J 1,s 
86 48 
59 7 1,3 
42 9 
29 a 1,:,3 
22 a ~,a 
46 7 
35 9 
91 2 B 
76 S0 
57 3 
58 5 

24 
25 
29 
18 
14 
17 
29 
22 
17 
47 
lb 
18 
25 
23 
23 
23 
23 
18 
28 
?! 
24 
21 
:5 
:i 
17 
22 
2s 
2) 
2s 
26 
2s 

Notes: 
Cnlwn 9 readings are taken at 8781 
Coiuen 17 Peak Hind in ll.P.H. 

. 



F’rel i mi nary Local Cl imatol ogical Data (WS Form: F-6) , F'age 2 . 

[Temperature Data1 

Average Honthly: 83.4 
Departure fror Ilornl: G.2 
Highest: 183 on 29 
Lorest: 66 on 23 

MO. of Days rithl 

Nax 32 or below: Q 
rk 38 or above: 19 
Hin 32 or below 0 
Hin fl K below: 1 

[Heating Degree Days I&se 651 I 

Total this Month. . b 
Departure from Rornal: B 
Seasonal Totai: 0 
Departure fror Hornal: 0 
Xooiin3 Deqrze Days (Base 65) I 
Tctal this !!or,th: 579 
Zrparture iror Ncrrai: *178 
Zeasonal Total: 1893 
jeparture fro4 iiorral: +3a3 

IPrecipitation Data1 SYHBOLS USED !A COLUfiN 16 

‘lotd fK Honth: 8.36 
Departure fror Nwral: -4.78 
Greatest in 24 hrs. 8.29 on 3-4 

1 = Fu6 
2 = FOB REDUCING VISIBILITY 

TO l/4 HILE OR LESS 
f=THuWER 

Station: WSO, NORFOLK, VA 
Month: JUL 
Year: 1993 

sNo*w, ICE PELLETS, HAIL 
Total for ronth: 1.0 inches 
Greatest snowfall in 24 hrs: 
keatest MOM depth: on 

I uEmm - No. of Days rithl 

0.11 inch or we Precip: 5 
1.10 inch or lore Precjp: 1 
R.58 iacb or more Precip: e 
1.M inch or aorc Precip: B 

Clear Wile e-3) 9 
Partly Cloudy (scale 4-7) 14 
Cloudy (scale B-101 a 

on 

4 = ICE PELLETS 

5 = HAIL 
6 = GLAZE OR RIB 

7 = BLOYINS DUST GR BLOYItiS S&ND REX 
VISIBILiTY TO 112 YIiE OR LESS 

8 = SHOE OR HAZE 
9 = BLOWS swcv 
I = TORNADO 

I Pressure 3atn I 
Highest Sea-Level 38.13 in. on la 
Lowst Sea-Levei 29.X in. on 29 

. 

. 

Haxirum Prrcipitrtion 
~Jclta T> Minutes) 5 ID 1s 28 38 45 bB 81 188 121 156 iae 
Precipitation ~Iacbes) 1.43 I.84 MS 8.16 I.18 9.12 8.14 0.18 0.21 I.24 I.26 0.27 Ended Date 1 * 3: ..3-‘1 3: 3 3 3 3 3 3 3 4 4 ~mgyo48$e~ 

Tire .2213’~4UI92214m42239p53W1323332353 9 39 
DRIEST JULY ON RECORD. SEWN0 YARlQsT JULY 011 RECORD. 

. 
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in-of-Custody Form 



CHAIN OF CUSTODY 
Original chain of Custody goes to laboratory 

I 
CEIMIC Corporation 10 Dean Knaum Drive, Narragansett, RI 02882 (401) 782-8900 FAX (401) 782-8905 



CHAIN OF CUSTODY 
Original chain of Custody goes to Laboratory 

/ 
Date Tlnw Comp. Grab Sample Identlfkatlon. 

I . 

/ 

I 

Rellnquloh&kfy (Slgnatum) Date/Tlrne Recslved by (Signature) 

I I 

DtiO/lhO 

I I I 

Rellnqulshad by (Slgnatulrb) D~e/llma Recdvd by (Slgnatun) 08tO/lhlO ‘* . 

1. 

CEIMIC Corporation 10 Dean Knauss Drive, Narragansett, RI 02882 (401) 782-8900 FAX (401) 782-8905 



0 

CHAIN OF CUSTODY 
Original chain of Custody goee to laboratory 



‘N. .., CHAIN OF CUSTODY 
Original chain of Custody goes to laboratory 

CEIMIC Corporation 10 Dean Knauss Drive, Narragansetti RI 02882 (401) 782-8900 FAX (401) 7828905 



1 , 

C 

CHAIN OF CUSTODY 
Original chain of Custody goes t@@or8tofy 

Recdvd by (Sl@atun) 



CHAIN OF CUSTODY 
Odglnalchain of Cust~odygotwtolaboratory 

w 
I 

! 

C 

c 
./ 

L 
CEIMIC Corporation 10 Dean Knauss Drive, Narragansett, RI 028&i (4~1) ~W-UYW PAA (WA) ~Z-UYU~ 





CHAIN OF CUSTO@V 
Original chain of CustQdy goes tq~boratory 

CEIMIC Corporation 10 Dean Knauss Drive, NarragaIISm, nl uzuuz (4UZJ Az)LQJvv t-AA (4UIJ tOl-UYU3 



J 

CEIMIC Corporation 10 Dean KnaUM Drive, Narragansen, nl VICKS~L (w&j IOHWW BAA ~SUAJ ~o&m~~ 



CHAIN OF CUSTODY 
Original chain of Custody goes to laboratory 

Racelvedby(Si~tum) Date/Time Remark 

Date/The Received by (Slgnatum) Datefllma 

! I I I 

Rellnqulshd by (Slgnatum) Dato/Tlme Received by (Signature) DatO/nblW 

I 
CEIMIC Corporation IO Dean Knauss Drive, Narragansett; RI 02882 (401) 7828900 FAX (401) 782-8905 



CHAIN OF CUSTODY 
OrIgInal chain of Custody goee to Laboratory 

Date Tlmo Comp. Grab Sample ldentlfksth 

@’ - 

Dateflme Received by (Sl@Wwa) 

Rolhqul*bod by (s/gMtum) D~e/Tlme Received by (Sl@Mum) Dlt~/lhO 

CEIMIC Corporation 10 Dean Knauss Drive, Narragansett, RI 02882 (401) 7828900 FAX (401) 7828905 



..* .,.: -.; 
CHAIN OF CUSTODY 

Original chain of Custody goes to labo 

Date Tlma Comp. Qrab Sample ldentlflcstlon 

Recelvad by (Signature) 

RellnqulM by (SIgnaWe) D&/nme Racelved by (Signature) Dllte/nmO 

CEIMIC Corporation 10 Dean Knatiss Drive, Narragansett, RI 02882 (401) 782-8900 FAX (401) 782-8905 



CHAIN OF CUSTODY 
Oiiginal chain of Custody goes to Lalxwat 

]DstelTlmeICompj Drab1 Sample ldenUflcrUon I’ “0 I 

Datct/Tima Recdwl by (Slgnatun) I I 
RelIUItW 

aP 0 3 
I 

Relhqulsbed by (Sl@uvtum) D&i/nme Recelwd by (Signature) Dsta/nlW 

.7 
L 

CEIMIC Corporation 10 Dean Knauss Drive, Narragansett, RI 02882 (401) 7~~-INoO FM (401) 782-8905 



CHAIN OF CUSTOD 
OrigInal chain of Custody goes to 

IDate~TimeIComp.I Grab1 Ssmploldenttfkatlon 

D me Reoelved by (slgMture) 

4% 

Date/km Remerke: 
Y 3J3 

Date/Thne Received by (Signature) Date/Tbm 

Relinqulrhed by (Slgneture) Dete/llme Received by (SIgnetwe) Dete/Tlme 

CEIMIC Corporation 10 Dean Knauss Drive, Narragansett, RI 02882 (401) 782-8900 FAX (401) 782-8905 





.#?.a / .#a,, 

‘s 

FW ENVIRESPONSE, INC. CHAIN OF CUSTODY AECORtl 

PROJECT NAME i_7/0 - gf6 k2 SAMPLER(S) SIGNATUR 

PROJECT NO. 

SAMPLE SAMPLING 
IDENTIFICATION LOCATION 

DATE 
SAMPLED 

TIME 
SAMPLED 

RELlNOUlSHED BY: NAME ,f 
.-- ._ 

EXCHANGE Ul .’ A,:,, 

EXCHANGE 12 _- 

EXCHANGE U3 

SAMPLE TYPE 
4 s VOLUME NO. OF 

ATEA SOLID AIR OIL i!i 5 COLLECTED CONTAINERS 
ANALYSIS COMMENTS 

RCCEIVED II*: NAME DATE/TIME 

I  AUTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED BY: DATVTIME 

Y  



FW ENVIRESPONSE, INC. CHAIN OF CUSTODY RECORD 

PROJECT NAME 70 -@ (dr 2 SAMPLER(S) SIGNAT 

PROJECT NO. / / 

SAMPLE 
IDENTIFICATION 

SAMPLING 
LOCATION 

DATE TIME SAMPLE TYPE 
2 9 VOLUME NO. OF ’ COMMENTS 

SAMPLED SAMPLED ,,, ATER SOLID AIA OIL s 6 COLLECTED CONTAINERS 
AE)4LYSIS 

/ 
3. q/o,I..( 

\/ I -- ~~SOwlJ L-L 
? tic’/ c-“’ <* Ok p cq 

--------i _ 

__-- 

---- 

. -  

--___ 

--___ 

_- --. ----.---_ ___ 

, / - .  

’ . - .  
. -  

_.. 
,_ 

. .  __ 

RELlHOUlSHED By: NAME ,, RECEIVED IVz NAME DATE/TIME 

EXCHANGE Yl -:A-. ’ ,’ 
.’ 

EXCHANGE H7 .---- 
J 

EXCHANGE Y3 

AUTHORIZATION FOR DISPOSAL DATEfTIME DISPOSEDtY: - DATE/TIME 



, , 

FW ENVIRESPONSE, INC. CHAIN OF CUSTODY RECORD 

PROJECTNAME i’ Tt - 9 SIMPLER(S) SIGNAT 

PROJECT NO. 
/?4,J;;2--y<.-- /y&q y/ 

I 

SAMPLE SAMPLING 
IDENTIFICATION LOCATION 

DATE 
SAMPLED 

TIME SAMPLE TYPE 
% t VOLUME NO. OF ANALYSIS COMMENTS 

SAMPLED ,,, ATER SOLID AIR OIL 8 i-? COLLECTED CONTAINERS 

EXCHANGE 12 _ 

EXCHANGE 13 

AUTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED BY: - 

RLCtlVED BY: NAME DATE/TlML 

DATE/TIME 



FW ENVIRESPONSE, INC. 

PROJECT NAME r. 7- o-+a 
PROJECT NO. ” 3 - ,J 2 -- ,.Ls 5 -- / 9 a 0 “7 / 

SAMPLER(S) SIGNATURk’ I 

SAMPLE 
IDENTIFICATION 

COMMENTS SAMPLING 
LOCATION 

DATE TIME SAMPLE TYPE d m  
5 d 

VOLUME NO. OF 
SAMPLED COLLECTED CONTAINERS 

ANALVSIS 
SAMPLED w ATEA SOLID AIR OIL ” CII 

/ I I I I -I , \ 

a 
a 

EXCH,l+JGE “, -j’ - 

EXCHANGE 12 

EXCHANGE 13 _ 

AUTHORIZATION FOR DISPOSAL 

CABRIERiWAVBILL I RCCCIVBD Bk NAME DATEfllME 

DISPOSED Bv: - DATE/TIME 



FW ENVIRESPONSE, INC. 

PROJECT NAME 

PROJECT NO. 

RELINOtjISHED By: NAME 
/- 

DAlErflME, CARRIERJWAIBILl. I 

EXCHANGE Hl ,I, : “d/ Y’. ’ -I.-/::~‘/,,~ 
./-. ;’ .,, 

EXCHANGE W2 

Retemll Em NAMe DATWTIYC 

EXCHANGE 13 

AUTHOAIZATION FOR DISPOSAL DATElTIME DISPOSED Bv: DATE/TIME 

,  
- - -  - 1 . .  A . a . . .  A. 



FW ENVIRESkNSE, INC. CHAIN OF CUSTODY RECORD 

PROJECT NAME LTO- 42 SAMPLER(S) SlGNATlJRi 

PROJECT NO. 
L+-r;(& lj5- /ya071 

I- I 1 I I 
SAMPLE SAMPLING 

IDENTlFlCATlON LOCATION 

7 

SAMPLE TYPE 
% 9 VOLUME NO. OF 

R SOLID AIR OIL s 6 COLLECTED CONTAINERS 
ANALYSIS COMMENTS 

RELIPJf?~~SHED BV: NAME CARRIEn/wAYDILL # m!celYw BYi )(Ay DATE/TIME 
LA., 

EXCHANGE#l e. : v.; 7- ..y,,i 
,..- / ; 

EXCHANGE 12 

EXCHANGE ND 

AUTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED By: DATE/TIME 



!; 
[Ii 

‘.-Y-: 

hV ENVIRESPONSE, INC. CHAIN OF CUSTODY RECORD 

PROJECT NAME CT0 -4a SAMPLER(S) SlGNATURk I 

PROJECT NO. 4- zz- 55-q4za7/ 

SAMPLE 
IDENTIFICATION 

SAMPLING 
LOCATION I 

DATE 
SAMPLED 

E 
I 

NO. OF 
ED CONTAINERS I 

ANALVSIS 
I 

I  

___--- 
/’ 

_I’ 

EXCHANGE ii2 - 

EXCHANGE 10 -- 

AIJTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED BY: - 

-- 

DATE/TIME 



* 
PROJECT NAME cri7-- $2 SAMPLER(S) SlGNATURi 

p/ 

PROJECT NO. &LZ4T- /92&v l-gee AK 
w 

SAMPLE TYPE , ’ 
TIME .B : VOLUME NO. OF ANALYSIS COMMENTS 

SAMPLED w ATER SOLID AIR OIL s 5 
COLLECTED CONTAINERS 

,fL /P AM& -/08 
. 

I  I  *  

’ 

. . 
- ,$ 

e 

RELIN0UISHED BY: NAME 

EXCHANGE rl 

EXCHANGE 12 

EXCHANGE Kl __. 

AUTHORIZATION FOR DISPOSAL 

DATE/TIME CARRIEA/WAYBILL I NiCElVED II: NAME DATE/TIME :,.‘& 
12 .,. yc 

::,. 

‘s. :i 
, .Y? Y !  I 

’ 

OATEiTlME DISPOSED BY: DATE/TIME 



SAMPLE SAMPLING DATE 
IDENTIFICATION LOCATION SAMPLED 

TIME ANALYSIS COMMENTS - 
SAMPLED fiTEl 

- 

j .: I. ,J& 

‘.. ,‘.,’ 
., ’ ! .T, 

L, : ,A! II a:: 
FW ENVIRESPONSE, INC. CHAIN OF CUSTODY RECORD 

PROJECT NAME cti-42 SAMPLER(S) SIGNATURE 

PROJECT NO. q- 22 - 5-5;’ /m77/ 

EXCHANGE W2 _ 

EXCHANGE L3 

AUTHORIZATION FOR DISPOSAL DATElTlME DISPOSED BY: - 

..( 

DATE/-TIME 



SAMPLE 
IDENTlFlCATlON 

0 7 3 lc.1 

SAMPLING 
LOCATION 

OATE TIME SAMPLE TYPE 
_ 5 

SAMPLED SAMPLED WATER WUD AIR OIL s 

/ i \ I I I 

RLLINOUISHED BY: NAME DATE/TIME CARRIEIVWAYOILL I 

ANALYSIS COMMENTS 

RCCClVCD BYz NINE DATE/TIME 

EXCHANGE Yl 

EXCHANGE 12 

EXCHANGE 10 

AUTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED By: DATE/TIME 



‘Y 9 d i’jf,;::ft. 

5 - 1 6 7 2 i .I:.,. ,i, 
; ‘:‘.$’ Yl 

kW ENVIRESPONSE, INC. CHAIN OF CUSTODY RECOFiD ’ 
.,.‘I 
’ il 

i: q. 
, < .: 

6 .,, 
‘1 

: r : 
PROJECT NAME ~70-42 -z 

SAMPLER(S) SIGNATURE 

PROJECT NO. 
q-23-5y- /4aoy/ 

SAMPLING DATE TIME SAMPLE TYPE 
L !? VOLUME NO. OF 

SAMPLED SAMPLED WATER SOLID AIR OIL 2 5 COLLECTED CONTAINERS 

-/I- - 

‘I56 x apse, 4 
I ’ I 

I--l-- -1-.--l I I I I I I I I 

RELINOUISHED Bv: NAME 

EXCHANGE Yl 

EXCHANGE 12 

EXCHANGE N3 

AUTHORIZATION FOR DISPOSAL 

DATE/TIME CARRIERiWAVDILC I) RECEIVED or: WMI! 

DATE/TIME DISPOSED BY: DATE/TIME 



F ,? 
4’ 

: 
:, ‘. I 

:.::, ,,’ 
. y ? ‘5’ . 

.j : ,,!_, .. , ,!I / $ ,::’ NC - 16726 
, ” i! 

FW ENVIRESPONSE, INC. 
: I I :I’ : 

CHAIN OF CUSTODY RECORD 

PROJECT NAME 

PROJECT NO. 

SAMPLE 

I 

SAMPLING 
tDENTIFICATION LOCATION 

RELINOUISHED BY: NAME DATEiTIYE/ CARRlEA/WAVllLL I RECEIVED IV: NAME DATE/TIME 

EXCHANGE Ml I _! ’ I , ! , ,  -;. 
/ .’ 

.EXCHANGE 12 .- 

EXCHANGE K3 _ 

AUTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED BY: DATE/TIME 



.f ’ :* 

4 *  
e. l . 
‘r’ t \ J1; . Ii 

4” hV ENVIRESPONSE, INC. CHAIN OF CUSTODY RECOFk 

’ i- bf?OJECT NAME (y? /&? SAMPLER(S) SIGNATU 

PROJECT NO. 
,,/# , ,?J 5 $ _ ,. (I, .yj*;? / / , I., 

SAMPLE SAMPLING DATE TIME SAMPLE TYPE 
I” : VOLUME NO. OF 

IDENTIFICATION LOCATION SAMPLED SAMPLED w s 5 COLLECTED CONTAINERS 
ANALYSIS COMMENTS 

AM SOLID AIR OIL 
-. 

Q2-s (-/,‘, - 10’ L-‘$7 - i’ ’ ” . ’ <,?,/?,/. ;$ 9;70 r 

;; I 
! I- 

- is 

c 
----'--I , _. 8' 

RCl.INO,~ISHED Br: NAME 
.I- 

CARRlERlWAVllLL I RECEIVE& NAM OATEKIYE 

EXCHANGEUl -‘, !  / I \, ‘> 

EXCHANGE 12 ___ .’ 

EXCHANGE X3 

AUTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED BY: OAlE/TIME 



I 

SAMPLE SAMPLING DATE TIME SAMPLETYPE m  
2 VOLUME NO. OF ANALYSIS COMMENTS 

IDENTIFICATION LOCATION SAMPLED SAMPLED w ATER SOLID AIR OIL s 0 
2 COLLECTED CONTAJNERS 

-- 

I’c 

~___~_____ 

FW ENVIRESPONSE,ilNd. i . 
CHAIN OF CUSTODY RECORD 

PROJECT NAME 

PROJECT NO. 

SAMPLER(S) i$lGti 

RELl~+JlSHELl By: N.h.ME 

EXCHANGE Nl I.‘-” 

OAAME+ ~~ o CARRIEWWAVSILL I ~ lE#M!D IV: NANE DATE/TIME 
:, . !  , ‘” , ‘> 

EXCHANGE tl2 - 

EXCHANGE 13 

AUTHORIZATION FOR DISPOSAL DATE/TIME DISPOSED By: DATE/TIME i; 



‘r , .’ 

. . 
FW ENVIRESPONSE, INC. CHAIN OF CUSTODY RECOdii 

42 SAMPLER(S) SIGNATURE 

PROJECT NO. 9 -22- 5-s-- /qLl PO71 

DATE TIME 
SAMPLE TYPE .% 5 VOLUME NO. OF 

SAMPLED 1 SAMPLED EjAij &L 1 2 1 6, 1 COLLECTED 1 co INTAINERS 
- - 

5-o 86,,.) f( 

____-- 
SAMPLE 

IDENTIFICATION 
SAMPLING 
LOCATION 

/,A- , 
RECtmD Bvz NAm ~ DAfEiT’YE 

EXCHANGE 12 - 

,~fi ‘j CARRIERIWNWLL u _ 

EXCHANGE 13 

AUTHORIZATION FOR DISPOSAL DATEnlME DISPOSED By: DATE/TIME 



. . -  I - -  -  

FilV ENVIRESPONSE, INC. CHAIN OF CUSTODY AECORO 

PROJECT NO. 

EXCHANGE Rl , 

EXCHANGE HZ d’ 

EXCHANGE 13 

AlJTHOAlZATlON FOR DISPOSAL 

DAlf!mm 

!  
DATE/TIME DISPOSED bY: _ DATE/TIME 



I 
;,,.d, \ ..a . . 

I ‘, 

FW ENVIRESPONSE, INC. ’ CHAIN ()i CUS+Dy &$&j i 

PROJECT NAME 

PROJECT NO. 

SAMPLER(S) iIGiJitiJd 

r- ^...^. - bArvwLlz I I ^_. .-. ._.^ SAMPLINU I -_-- “All2 I TIME 
LDENTIFICATION LOCATION SAMPLED SAMPLED 

SAMPLE TYPE 
ANALYSIS I COMMENTS 

CARRILR/wAmlLL I MCEMD BkwIyL DATVIIWE 

EXCHANGE *l 

EXCHANGE 1’2 // 

EXCHANGE Y3 

AUTHORlZATlON FOR DISPOSAL DATEfTlME DISPOSED Br: DATE/TIME 



SAMPLINO 
IDENTIFICATION LOCATION 

EXCHANOE 03 
:, 

AUTHORIZATION FOR OISFOSAL 
,. , 
‘. . :a n 
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FW ENVIRESPONSE, INC. ’ 

PROJECT NAME 

PROJECT NO. 

r SAMPCE SAMPLINO 
lDENllFlCATlON LOCATION 

DATE 
SAMPLED 
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McCMLUM 
TESTllVG LABORATORIES INC. 

Subsurface Exph-ation l Geotechnical Engineeting 

June 7, 1993 

Foster Wheeler Enviresponse, Inc. 
8 Peach Tree Hill Road 
Livingston, NJ 07039 

_.. Attention: Mr. Dennis Place 

Subject: Laboratory Test Results - 5/12/93 
Navy Clean UST Site Characterization #CTO-E# I’/~“‘~ 
Little Creek Amphibious Base 
Virginia Beach, Virginia 
P.O. #VN2-422-166004 
MT1 Project 93-l 188 

Dear Mr. Place: 

Attached are the results of Hydrometer / Grain Size Analysis Tests (ASTM D 422), 
Atterberg Limits Tests (ASTM D 4318), Specific Gravity of Soils Tests (ASTM D 854), 
and Constant Head Permeability Tests (ASTM D 2434) performed on undistributed 
samples obtained from the above referenced project. 

Should you have any questions concerning this report, please contact this office at your 
convenience. 

Very truly yours, 

IRATORIES, INC. 

7808 HAYWARD AVENUE P.O. BOX 13337 CHESAPEAKE, VIRGINIA 23325-O: 
TELEPHONE (804) 420-2520 . FAX (804) 424-2874 



McCallum &sting Laboratories. In& 
1808 HAYWARD AVENUE 

P.O. Box 13337 
CHESAPEAKE, VIRGINIA 233250266 

(804)420-2520 

Our File Number 

Client’s Order No, 

Client’s Rq’n No 

REPORT ON SOIL 

I&No 34-l Chesapeake, Va 

sample of ~toposed USC 
<*p+ 

Sample No 
07ST-102/UD-1 F m Navy Clean UST Site Characterization #CTO-Q&63- OoYl 

Depth =*al-r* From 0' m 2' 

DcpthofGt Height of Pa mu 

Submitted by Foster Wheeler Fmiresponse, Inc. 

-Pled 
s/12/93 Reixivd 

MECHANICAL ANALYSIS (Am D 422) 
COARSE ACGREGATE SOIL MORTAR 

SfEvE ANALYSIS 

3"-2" --------------I % 
Y-l!& ------------- % 

14f’-1” ---s---------- 96 

l--S” --s-B ---- -------, o/o 
in-M" -------------- 8.4 

__e 
w-3/g 6.2 ; -------------.,P 

3/8"-#4 --~,!!:!!,,,% 
Passing #4 ------------ 96 

TOTAL % PASSING 
3" ---------------- % 
r ------w--------- % 
1%” ---------% 

1” ----------w----- 96 

yI- -----EL!! ----- % 

M” -----EL? ----- % 

3/r ---!L!~~~% 

#4 -----------I--- 75.4 y 0 

SIEVE ANALYSIS TOTAL % PASSING 

coarsesand 
#4410 ~2L~~ 

# 4 ~2rL~~~~ 
Mpz ----------- 23.2 % #4o # 10 ---------------- ----E!:. 42.9 ------- 

11.1 82o0-a.005 mm 
aaysmal&r 

dlaa 0.005 lLLur2=2--: 
CoUoids&3aUa 

than 0.001 mm, ------ % 

OTHER TEST DATA 

&@d&-& N/A (ASTM D 4318) wata Gntalt Ls Received 27.8 (ASTM D 2216) 

Plastic Limit 
N/A(AS~ D 4318) 

Phicity hd NF' (ASTM D 4318) 

speciric Gnviy 2.30 (ASTM D 854) a6cffi~~ofperm~~~.3~10 
on 1*;p (corrected) 

cm/set (AS'lMJ 21 

wificrdon SM (ASTM D 2487) URR 

very dark grey silty tine to coarse sand and fly ash 
Visual Description of Sample: with gravel, glass and traces of organics 

Insitu Wet Unit Weight (pcf): 87.3 

insitu Dry Unit Weight (pcf): 68.3 

Iab. No. 

Our lctten and reporls are fc* CIC trclusivc we of Ihe client 10 whom they a~ addressed. The USC of our name must receive our prior wrilten approval: Our kftrl 
reports apply only to the se,, ‘e lrs!~.l and/or inspected, and WC not necessarily indicative of the qualities of qprrcntly identical or similar producls. 

.r.l” L-1 I, 



1808 HAYWARD AVENUE 
P.O. Box 13337 

CHESAPEAKE. VIRGINIA 233250266 
(804) 420-2520 

Our File Number 
93-1188 

fficnt’s Order No, 

Client’s Rq’n No 

Dote 6/7/93 

REPORT ON SOIL 

I&No 34-2 
Chesapeake, Va. 

sample of proposed us 
g& ,+4 

Simple No 07ST-101 /LID-2 
FXXU Navy Clean UST Site Characterization #Cl'O-@&~o~j 

&hTakn~%pQFrom 0' m 

Depth of Cur Fkigbt of p;rtltcpfwlm 

Submined by Foster Wheeler Enviresponse, Inc. 

bPld 
5/12/93 RacivcJ 

2' 

MECHANICAL ANALYSIS (ASTM D 422) 

COARSE ACiGREGATE SOIL bfORTAR 

SIEVE ‘ANALYSIS TOTAL%PASSING SIEVE ANALYSIS 'zoTAL%PAssrw 

3"Z m------------- % 3" --------------% Gutx sand 
R44clO ~~~~~:_3_~~~% 

P 4--L!?!!:_q~~ 

T-l%” ----- - ------- % r - --------------- % # 10 99.7 --------w--m 

19y-1” 8 ------------m-, 1%” -- ------------- % 
M~;y~ 14.1 

w--------- % # 40 ---!?:,6 ----* 

1--w --------w------ $3 1” -- -------- ----% Fine Sand 
#40#200 .zl-,% 

#loo --~56r!~,. 
i‘+" ---, ------ $%t %" i ---- - ---- ----% sii 29i.4 

f200 --------I 

w-3/8" -w---s ,- -m--w % M" ---.& ----- % ;e2004.00s 
18.8 

mm% 

3/g* ~-----------gi 
clay- 

3/r ---------96 than 0.005 Ilm2?_6_% 

Passing #4 ----------- -% 44 ColloidsSmaUa -w------------- % r&n 0.001 - ------ % 

. - OiHER TEST DATA 

I+idLi& 21 (ASTM D 4318) waracontalrasRcctived~ 13.2 Mif D 2216) 
pivticLimi 13(ASm D 4318) 

Plasticiy Iadm a cAsRI ’ 4318) hss on Ipi,-, (cmarcd) 

Spaific Gravity 2*63 (ASTM D 854) wficialt of penneabiiiy 2.0x10 cm/set. (ASTM.D : 

wmtion SC (ASRI D 2487) WRR 

Ranarks: Sample contain& 

Visual Description of Sample: Greyish brown silty clayey fine sand 

Tnsitu Wet Unit Weight (pcf): 113.5 

Insitu Dry Unit Weight (pcf): 100.3 



McCallum Tesfhg Laboratories. Inc. Our Lit Number 

Client’s Order No, 1808 HAYWARD AVENUE 
P.O. Box 13337 Client’s Rq’n No 

CHESAPEAKE, VIRGINIA 23325-0266 
(804)420-2520 Dorr 

REPORT ON SOIL 

93-1188 

6/7/93 

L&NO 34-3 Chesapeake, Va 

I sample of ProPoscd use & ,&C/43 

Sample No lOST-102/UD-3 Prom Navy Clean UST'Site Characterization #wooY: 

Depi Tkcn -P&F- 
0’ m 2' 

DcpthofGlt HeigbtofFfliRqfwlrt 

Submicred by Foster Wheeler EnvYresponse, Inc. 

SMlpM 
s/12/93 Racked 

MECHANICAL ANALYSIS (ASTM D 422) 

COARSE AGGREGATZ SOILMORTAR 

SIEVE ANALYSIS 

3-z -I----------- % 

2--1X” ----------- % 

l$y-1" % --------------, 

--+4- ------- - ------ yil 

*.. -IA” -7Ai--~ 

g--3/8" a----- ----- % 

3/8"-84 2 -----,A w-w- I 

Passing #4 --%L% 

" TOTAL % PASSING 

3" ---------96 

2- --------------- % 

1%" ---------------- % 

1" ---------% 

%' --, ---- --% 

g* ---------% 

3/8" --Ed+.% 

if-4 
. 

---I---------- % 

TOTAL%PASSlNG 

# 4 --2%2 ------- 

# 10 ----- 99:,4 ----- 

# 40 ----- !z:L --..- 

#loo ----w EE- -w-m 

#200-‘10.5-~~~ 

,_ -- OiHER TEST DATA 

=m=r N/A (ASTM D 4318) waat chntmt as Racivcd 14.1 (ASTM D 2216) 

PlvcicIimirN/A 

specific Gnvirp (ASRID 21 

ckssifrrrdm SP-SM (ASTM D 2487) 

Visual. Description of Sample: Dark greyish brown silty fine to medium sand w/traces of ( 

situ Wet Unit Weight (pcf): 112.3 

Insitu Dry Unit Weight (pcf): 98.4 



.-_ . . ,, --- -_.. - - _ .._ __ 

Our File Number 
93-1188 

1808 HAYWiRD AVENUE 
P.O. Box 13337 

CHESAPEAKE, VIRGINIA 23325-0266 
(804)420-2520 

Client’s Order No, 

Client’s Req’n No 

ootc 6/7/93 

REPORT ON SOIL 

I&No 
34-4 

Chesawxkc. Va _ 

sample of pmposed u* 
&/ */a5293 

Sample No lOST-103/UD-4 From Navy Clean UST Site Characterization #CTO-~oo+ 

Deph -r*- &p&Fro- 0' m 2’ 

Dcpdlof Cut HdghrofF.ircsmrz 

Submitted by Foster Wheeler Enviresponse, Inc. 

MECHANICAL ANALYSIS (ASTM D 422) 
COARSE AC'ZREGATE SOILMORTAR 

SIEVE ANALYSIS TOTAL % PASSING SIEVE ANALYSIS TOTAL%PASSING 

‘-,-w ----w-- -- ----- % P ---- ----- 96 Fine sand __3_1_._l_--% #lOO 9.0 
#4o-iic200 ---------m------ 

f?“+y . w-B--- --% ; y4” :---i--i-% SiIt R200 -1,,,zL,,,, 

w-3/a w  s----------- /o M’ 

3md-4 l 3 % -----w-w---, 3/r --22-0.,,% 
Passing #4 ---_I----- 99.7 96 R4 ------v------- 99.7 7 0 CoIloi&Smalln 

than 0.001 UllIL-,,,,% 

..- -. OiHER TEST DATA 

EN~J/A (ASTM D 4318) wata Gxltalt as Received 3.1 (ASTM D 2216) 
pksric LimitN/A (ASTM D 4318) 

PkciciyInd~ N/F(ASRi D 4318) Zoss on Ignition (comzaed) 
specific Gn+ 2.65 (ASRI D 854) Geffrcimfofp~giy 3.4x10e2 cm/set. (ASTM D'2 

wtioD SP-SM (ASTM D 2487) WRR 

Light brown fine to medium sand.with traces of 
Visual Description of Sample: coarse sand 

‘nsitu Wet Unit Weight (pcf): 11506 

Insitu Dry Unit Weight (pcf): 112.1 



- . . ..-_ -- . 

McCallum Testing Labontories.Inc. Our File Number 
93-1188 

1808 HAYWARD AVENUE Client’s Order No, 

i P.O. Box 13337 Client’s Req’n NO 
CHESAPEAKE, VIRGINIA 233250266 

(804)420-2520 Dote 6/7/93 

REPORT ON SOIL 

I&NO. 
34-5 

Chesapeake, Va. 

SJnple of ~~polcd usr 
&yo,d~ : 

bpleNo 09ST-102/U&5 From Navy Clean UST-Site Characterization #CT~oOrJ 
s 

Depthlak DtpthFrow 0' m zv 

Dcp&ofctlt HcightofFililRqxescna 
Submitted by Foster Wheeler Enviresponse, Inc. 

MECHANICAL ANALYSIS (ASTM D 422) 
COARSEACXZREGAIE SOIL MORTAR 

SIEVE ANALYSIS 

3-z -w------------ % 

T-l%" --------% 

.lyln-l- 8 --------------, 
-33, 41 ----------------/o 

"4--%w ------------w % 

w-3/8" -a---- e--w -es 

3/r* a$ -------------, 

Pusing ti ------% 

TOTAL%PASSING 
3" -----------% 

r --------------- % 

155" --------B----- % 
1” ------ -----96 

24; .(‘ -l-- 3 --B-m 
- 

$4., _ M---i--% 

3/r ------- % 

R4 ----------- % 

SIEVE ANALYSIS 

Garseslnd 
a-#10 2,o w---- % 

M:l*z 48.1 ----------- % 

Fine Sand 
#w#200 -_I-- 

50.4 % 

si 
#2oG-mo5 m.tIz&% 

. .TOIiU%PASSING 

# 4 -------- EE,. 
# 10--~~__1_90_._0_~ 

# 40 --------- 22!!9,,, 
#100-,---?:??!!~ 

#200 ~---L,5,,,, 

cay- 
&a 0.005 mnLo’9% 

ColloidsSrmtlrt 
than 0.001 mm- B--s-- 96 

__ .’ OiHER TEST DATA 

E+dLi&N/A (ASI? D 4318) Waurcommz~RCCdVCd 3.0 (ASTM D 2216) 
PkscicLimiN/A (ASTM D 4318) pkrcicirp -N/P (fim D 4318) T- m Igni - n 

SpceificGraoirg 2.64 (ASTM D 854)' Gefficientof~zry 3.6x10 3 
(codJ 

cm/set. (ASTM-D 2' 

aassifiiatim -SP (ASTM D 2487) WRR 

Remarks: SznpIe Contind 

' Visual Description of Sample: Light brown silty fine sand 

‘witu Wet Unit Weight (pcf): 110.7 

Tnsitu Dry Unit Weight (pcf): 107.5 

Lb. No. 
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McCallum Testing Lalwatories, Inc. 
1608 HAYWARD AVENUE 

P.O. Box 13337 
CHESAPEAKE, VIRGINIA 233250266 

(804)420-2520 

..-._ _ . 

Our File Number 
93-1188 

Client’s OIder No, 

Client’s Rq’n No 

ootr 6/7/93 

REPORT ON SOIL 

L&No 34-6 Chesapeake, Va 

sample of proposed usr 
@%0/S/-/9: 

Sample No 09ST-lOl/UD-6 Fto Navy Clean UST Site Characterization bmOJX63004Z 

D&Takw =P& From 0' m 2' 

Depdlof cut HcigbtofFii~raenr 
Submirred by Foster Wheeler Enviresponse, Inc. 

MECHANICAL ANALYSIS (ASTM D 422) 
COD ACXREGAlE SOILMORTAR 

SIEVE ANALYSIS 'TOTAL$%PASSING. SIEVE ANAIxsIs 
3*-r - - - - - - - - - - - - - -  % 

T-134” - - - - - - - - - - - - -  46 

lM”-1” % - - -B- - ‘ - - - - - -m,  

-“_jl* - - - s - - - - - - - - - - - -  yi 

. . ,4--w- -------------- % 

w-3/8" ----------w s-s ys 

3/r-#-d ------------% 

Pvsing #4 ------------ % 

-----I-------- % coasesand 

% #4#10 ----%L--% -------s---w-- Medium sand 
--------------- % #10#40 ~~zL% 

% Fine sand ------------ #40#200 ‘2%-% 
-a---------- %SuL - 

% 
#2WooS LclnE% ----w---e--- 

say-. 
1-s------ % tbatl0.005 lllxl2%% 

% 
GUoidsSmaila 

-------I------- 
dun 0.001 nKlL,--,% 

OiHER TEST DATA 

TOT'ALqbPASSING 
B 4~-Lo_o_:!!~-~ 

# 10 99.4 ----w-------w 
#40 76.8 -I-w---------- 
#loo -2!4:~--- 

11.3 #200-------,-, 

ti+&&N/A (ASRI D 4318) WatcrGnfcntasRcccived 7.2 (ASRI D 2216) 
pkstic Limir N/A mm N/P(fim D 4318) b oLI Ieti3 (- 
specific ~~e~2.63 (ASTM D 854) ~oefficienr~f-~~~ 7.2x10 cm/set. (ASTM.D 2 
clossifioldoo SP-SM (ASTM D 2487)' 

Visual Description of Sample: Brown silty fine to medium sand' 

‘nsitu Wet Unit Weight (pcf): 103.6 

Insitu Dry Unit Weight (pcf): 96.6 

Lb. Na 



_ _ _.._ -  h. .  

McCalium Testing Laboratorks, Inc. Out File Number 
93-1188 

1808 HAYWARD AVENUE 
P.O. Box 13337 

CHESAPEAKE, VIRGINIA 23325-0266 
(804)420-2520 

Client’s Order No, 

Client’s Rq’n No 

Dote 6/7/93 

REPORT ON SOIL 

I.&No 
34-7 Chcsapcalre. Va 

sample of 
07ST-104/UD-7 

-proposed u* 
$& P/a= 

Sam& No ptom Navy Clean UST Site Characterization /~OOY~ 

De& Takm Dcprb From 0’ tn 2' 

Dcpthofcuc Height ofP;nRqrwn- 
Submkcd by Foster Wheeler Enviresponse, Inc. 

tiPId 
5/12/93 RttCCiVd 

MECHANICAL ANALYSIS (ASTM D 422) 
COARSE AGGREGATE SOIL MORTAR 

SIEVE ANALYSIS TOTAL % PASSING SIEVE ANALYSIS TOTAL % PASSING 

3-z --w---------w- % 3" ---,,,-,-!I6 Covxknd # 4--LK?LL 

T-l%" 
#Ml0 ----- LL-% ------------ % r --------------- % MCdiumSaad # 10 --------- %GL, 

I%“-I” % -----v--------, 1%” ---------------- % #lo#Ao -~~_1_1:L~% # 4o---JE.!~- 
. 

1 “L!!” % 
Fiic sand 

------..---------, 1’ ----------- ---9t; 

. . 
-200 

p - 34’ -----i. ---------- % Silt 

--6zrl,-46 #lo0 mv+?-- 

.‘+y ------------- #200 --_2~-, 

w-3/8" -------------- $2 $5' --------- _ ------ % #2Moo5 &21.5% . 
aay-smaI&r 

3/s-44 --------------4/o 3/8” -------------- % &la 0.005 ulL!L% 

Pssing #4 ------------ % #4 % 
co~idsSmalln 

---------------- 
d.lan 0.001 Ilu.n-,,,,,% 

. OiMER TEST DATA 

~@~~21 (ASTM D 4318) Wata Gmtem ms Retid .12gg (ASTM D 2216) 
pknicLimi 13 (ASTM D 4318) PkiciyIndw 8 (ASRI D 4318) rosS on Ignicipa (oxrad) 

Specific Gsaviy 2.66 (ASTM D 854) G&icialrofpameabiliy 2.9x10-' cm/set. (ASTMD 21 

(ZldfiUtiOE 
SC (ASTM D 2487) 

Ragark Sample Conraincd 

Visual Description of Sample: Greyish brown silty clayey fine-sand 

-nsitu Wet Unit Weight (pcf): 121.7 

Insitu Dry Unit Weight (pcf): 107.8 

Lab. No. 



McCallum Testing Laboratories. Inc. 
1808 HAYWARD AVENUE 

P.O. Box 13337 
CHESAPEAKE. VtRGlNlA 233250266 

(804)420-2520 

Our File Number 
93-l 188 

Client’s Order No, 

Client’s Rcq’n No 

oarc 6/7/93 

REPORT ON SOIL 

L&No 
34-8 chesape*c, Va 

sample of propo#d us- 
& /fidq~ 

Sq,le No 10ST-101/IID-8 proF Navy Clean UST Site Characterization #CT0-0l%3-0*~; 

apth T*- Dcprb From 0’ m 2’ 

Depth of Gt K$#xofF-Rep-m 

Submitzzd by Foster Wheeler Enviresponse, Inc. 

-Pled 
s/12/93 

JkCCiYed 

COASE AC’SREGATE 

SIEVE ANALYSIS 

3-z ---w-- _- ---- % 

2-434’ ---------- % 

1%--I” 8 --------------, 

I-44’ --------w------- % 

‘ ‘W ---Lag 
. . 

w-3/8” --------% 

3/r-H --I- ,o,? ---- % 

z&sing 344 -E!!! ---- % 

.- 

MECHANICAL ANALYSIS (ASTM D 422) 

SOILMORTAR 

TOTAL % PASSING 

3” ----- -- ------ % 

Y ------u------- % 

M” --------------- % 

1, ---------m ---96 . 

s-. _ -----------m- % 

tin A- ---------- % 

3/r --E!*L-~% 

R4 99.6 y --------------s- 4 

SINE ANALYSIS 

coamsand 
#Ml0 -----L?--% 

MediumSand 
R10440 -----E!--% 

Fine sand 
#M&#2# 2~:~2L% 

Silt 2.2 
#2oo-o.005 -% 

clay-s& 
than 0.005 ---o:~,% 

GdloidsSmak 
than 0.001 a ------ % 

OiHER TEST DATA 

TOTAL % PASSING 
# 4 --------------. 99.6 

% 10 ~~~~~~~E.L,, 
#40 43.8 -------------s-- 
#loo 5.6 -----------u---, 

#200 -------- 22--, 

tiwmrN/A (ASTM D 4318) watu Gncsllt OJ ReuiYld 3*7 (ASTM D 22161 
PksdELimiN/A (ASTM D 

Specific Gnviy 2.66 (ASRI D 854) GcfficicnI of pcrmeabiliy 
SP (ASTM D 2487) 

(ZlSS3iiti.U 

(ASTM D 2 

Visual Description of Sample: Greyish brown 'silty fine to medihm sand 

-nsitu Wet Unit Weight (pCf): 117.5 

Insitu Dry Unit Weight (pcf): 113.3 



McCallum Testing Lahatorks. Inr: Our File Number 
93-1188 

1808 HAYWARD AVENUE 
P-0. Box 13337 

CHESAPEAKE. VIRGINIA 233250266 
(804) 420-2520 

Client’s Order No, 

Client’s Rq’n No 

ootc 6/7/93 

REPORT ON SOIL 

lab. No 34-9 Chesapeake, Va. 

sample of Proposed use &-- 4493 

Svnple No 07ST-103/U&9 Prom Navy Clean UST.Site Characterization #CTO-H-~%~OY 

Deprb T*s ~p&From 0' m 2' 

Dcpdlof cw Height of Fill 

Submitred by Foster Wheeler E&response, Inc. 

MECHANICAL ANALYSIS (ASTM D 422) 
COARSE ACi&REGATE 

SIEVEANALYSlS - TCYIiU~PASSING~ 

3-z -----------uI % 3" ---------gb 

Y-134" --------w-w % Y --------------% 

lM"-1" --------------, 8 1W” ----I--------- 96 

“r3h” ---------------- yi 1” ------------- % 

k-44” --1-~,~ %’ ,--,,,,l,,,% 

w-3/8" -------- 0 ,c H" ---- ----% 

3/ra ----------% 3/8" ---------- 96 

PassiLlg #4 _ ---- - ----- 9% +M ----B------w- % 

X4410 -AL5 ---- % 98.5 

MFlya- ----------- 25.9 91; #40 # 10 --------s------- --------------- 72.6 

Fine Sand 
#40-y200 _3_3_._2 ---% #lo0 ------ _5_0_r7 ----- 

#200 ~-2!t:L~; 
R2oO-wo5 mm 

Colloids-Smalla 
than 0.001 mm, ------ 96 

OiHER TEST DATA 

wdli& 13 (ASTM D 4318) Water Guucnt as hcehd 15.6 
pLrdcLimi 13 (ASm D 4318) 

(ASTM D 22161 

Plwiciy Id- O 

speciftc G&y 2.56 (ASTM D 854) c4xff%ialrofPalnabiliy 6.1x10 (ASTM D 2 

ChrsificzdOb 
SM (ASTM D 2487) 

Visual Description of Sample: 
Lurk brown silty fine to medium sand with clay 
lenses and organics 

ksitu Wet Unit Weight (pcf): 124.8 

Insitu Dry Unit Weight (pcf): 108.0 



TESTlVG LABORATORIES INC 
Subsurface Exploration l Geotechnical Engineerin! 

September 0, 1093 

Foster, Wheeler hit8spOnS8, Inc. 
8 Peach Tree Hill Road 
Livington, NJ 07039 

Subject: Laboratory Test Results 
Little Creek Amphibious Base 
Virginia Beach, Virginia 
SO. No. 10042-62-SVZ 
MTL Project 93-1270 

Gentl8m8n: 

Attached are the results of laboratory tests performed on an undisturbed sample of cap 
material taken from Site #7 at the Little Creek Amphibious Base. Included in this report 
are results of a Percent Finer Than a #200 Sieve Test (ASTM D 1140), an Atterberg 
Limits Test (ASTM 0 4318) and a Permeability Test (ASTM D 5084). 

Should you have any questions concerning this report, please contact this office at your 
convenience. 

-ORIES, INC. . 

( PostW brand fax transmittal 

P.0. BOX 13.337 . CHESAPEAKE, VIRGIIYIA 23325. ---_ 



MC CALLGM TEL xo. 804 424 z&)74 $,e~, [!;,rz &:53 i'.o~iU 

McCallum Tdng lAmtorIes, Inc. Our Fib Number 93-1270 

1808 HAYWARD AVENUE Cllsnt’r Order Ho, 

P.O. Box 13337 
CHESAPEAKE, VIRGINIA 233250266 

(004) 420.2520 

Cllml’r Rq’n No. 

Dot. 9/a/91 

REPORT ON SOlL 

Lab. No 61 
Chtsrpeake, Vr 

spmple Ofk Soil Cap Material Proposed UF 
Sample No. e..-. . F - Lita. ckeek, S.6. No. 1904?-62-S%?, Site #7 - 

Depth Ti Dept-rom.- us 

rlepth of Glt Heigflt of Pill lLeptcscaa 
Submitted by Foster wheeler Envirespotlse, Inc. 

S=PM llectid 6/28/93 

OTHER TEST DATA 

liquid limit 47 (ASTM D 4318) Watcr &n&nt as Rcceiv~ 46.8. (A!S’m D 22161. 

phtic Limit 2 (p9IM D 4318) pbti~q tip 25 (=D 4318) .---_I- 

Specific Gravity- -.. N/A (ASTM D 854) 
loss on I@io~$““d) 

Coefficient of wily 2*g x 1 O cu.an./sec. 

uusificrtiohe CL @SDS D 2487) H&E 

Rem&s: Ssmplc ComaincA 
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TARGET ENVIRONMENTAL SERVICES, INC. 

w 

May 21. 1993 

Mr. Peter Kossis 
Baker Environmental, Inc. 
420 Rouser Road, Building 3 
Coraopolis, Pennsylvania 15108 

Dear Mr. Kossis: 

Enclosed please find one (1) copy of the report on the Site Screening Data collected bl 
TARGET at the NAB Little Creek site in Virginia Beach, Virginia. One (1) copy of this repor 
was sent to Nitin Apte at Foster Wheeler. 

If you have any questions or comments about this report, please give me a call at (410: 
992-6622. We appreciate the opportunity to provide our services to you on this project. 

Sincerely, 

TARGET ENVIRONMENTAL SERVICES, INC. 

TWN/csm 

Enclosure 

cc: Nitin Apte I/ 

9180 RUMSEY ROAD, COLUMBIA, MARYLAND 21045 (410) 992-6622 Fax (410) 992-0347 



SITE SCREENING DATA 

NAB LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

CT0 19042 

PREPARED FOR 

BAKER ENVIRONMENTAL; INC. 
420 ROUSER ROAD, BUILDING 3 

CORAOPOLIS, PENNSYLVANIA 15 108 

PREPARED BY 

TARGEI- ENVIRONMENTAL SERVICES, INC. 
9180 RUMSEY ROAD 

COLUMBIA, MARYLAND 21045 
(410) 992-6622 

MAY 1993 



TARGET Project MELI 

SAMPLE COLLECI’ION AND ANALYSIS 

On May 1 O-l 1,1993, TARGET Envimnmental Services, Inc. (TARGET) conducted a site 

screening survey at NAB Little Cxeek, Virginia Beach, Virginia. Under the direction of Foster 

Wheeler Envitxmmentai Services, a total of 32 soil gas samples were collected in the area of 

Building 3651 (former musical instrument plating facility) and 18 ground water samples were 

collected in the area of the Commissary Store (former laundromat/dry cleaners). The sampling 

locations are shown on the accompanying copies of the field maps. Soil gas Samples 206 and 

222 were collected at a depth of 2 feet due to probe refusal. All of the remaining soil gas 

samples were collected at the planned 4 foot depth. The ground water sampling depths varied 

from 9 to 14 feet and are reported in Table 3. 

To collect the soil gas samples a l/2 inch hole was produced to a depth of approximately 

4 feet by using a drive rod. Where pavement was present, a rotary hammer was employed for 

penetration prior to using the drive rod. The entire sampling system was purged with ambient 

air drawn through an organic vapor filter cartridge, and a stainless steel probe was inserted to the 

full depth of the hole and sealed off from the atmosphere. A sample of in-situ soil gas was then 

withdrawn through the probe and used to purge atmospheric air from the sampling system. A 

second sample of soil gas was withdrawn through the probe and encapsulated in a pre-evacuated 

glass vial at two atmospheres of pressure (15 psig). The self-sealing vial was detached from the 

sampling system, packaged, labeled, and stored for laboratory analysis. All sampling holes were 

backfilled with bentonite and the surface repaired with like material upon completion of the 

sampling. 

Prior to the day’s field activities all soil gas sampling equipment, slide hammer rods and 

probes were decontaminated by washing with soapy water and rinsing thoroughly. Internal 

1 



TARGET Project MBLI 

surfaces were flushed dry using pre-purified nitrogen or filtered ambient air, and external surfaces 

were wiped clean using clean paper towels. 

To collect the ground water samples a van-mounted hydraulic probe was used to advance 

connected 3 foot sections of 1” diameter threaded steel casing to the sampling depth. An electric 

hammer drill was used to penetrate pavement where necessary. Once the steel casing was in 

place, water was allowed to fill the pipe. A teflon sampling tube was placed down the pipe and 

ground water was collected from just below the water surface using a peristaltic or a manual 

syringe pump. Samples were placed in bottles and acidified to pH 2 using a 50% hydrochloric 

acid-water mixture, sealed, labeled and shipped on ice to the laboratory. 

Prior to the day’s field activities and after collection of each ground water sample, the 

steel casing and teflon sampling tube were decontaminated by washing with a solution of 

Alconox (a biodegradable, laboratory grade detergent), rinsing with distilled water and drying 

with nitrogen gas or filtered ambient air. 
: 

The initial soil gas samples and the headspaces of the initial ground water samples were 

screened on-site with a portable Photovac gas chromatograph equipped with a photoionization 

detector (PID) in order to guide the placement of subsequent sampling locations. The results of 

the in-field PID screening (PlD totals only) are reported in micrograms per liter (pg/l) in Tables 

1 and3. 

All of the soil gas samples and the headspaces of the ground water samples collected 

during the field phase of the survey were subjected to dual analyses at TARGETS “home” 

laboratory in Columbia, Maryland. One analysis was conducted according to EPA Method 601 

(modified) on a gas chromatograph equipped with an electron capture detector (ECD), and using 

direct injection. Specific analytes standardized for this analysis were: 

2 



TARGET Project MBLI 

1 ,l -dichloroethene (11DCE) 
methylene chloride (CH$l,) 
trans-1,2-dichloroethene (tl2DCE) 
1,1-dichloroethane (1 IDCA) 
cis- 1 ,2-dichloroethene (cl ZDCE) 
chloroform (CHCl,) 
1 ,1 , 1 -trichloroethane (111 TCA) 
carbon tetrachloride (Ccl,) 
trichloroethene (TCE) 
1,1,2-trichloroethane (112TCA) 
tetrachloroethene (PCE) 

The chlorinated hydrocarbons in this suite were chosen because of their common usage in 

industrial solvents, and/or their degradational relationship to commonly used compounds. 

The second analysis was conducted according to EPA Method 602 (modified) on a gas 

chramatograph equipped with a flame ionization detector (FID), and using direct injection. The 

analytes selected for standardization in this analysis were: 

a-’ 
benzene 
toluene 
ethylbenzene 
meta- and para- xylene 
ortho- xylene 

These compounds were chosen because of their utility in evaluating the presence of fuel products, 

or petroleum based solvents. 

The analytical equipment was calibrated using a 3-point instrument-response curve and 

injection of known concentrations of the target analytes. Retention times of the standards were 

used to identify the peaks in the chromatograms of the field samples, and their response factors 

were used to calculate the analyte concentrations. The ground water samples were prepared for 

analysis by pouring 15 ml of sample into a 30 ml EPA clean vial and sealing with a teflonifaced 

butyl rubber septum. The vial was heated for 10 minutes to volatilize hydrocarbons from the 

water. The headspace of the sample was then directly injected into the gas chromatograph. 

3 
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The tabulated results of the laboratory analyses of the soil gas samples and the headspaces 

of the ground water samples are reported in micrograms per liter @g/l) in Tables 1 through 4. 

Although “micrograms per liter” is equivalent to “parts per billion (v/v)” in water analyses, they 

are not equivalent in gas analyses, due to the difference in the mass of equal volumes’of water 

and gas matrices. The xylenes concentrations reported in Tables 1 and 3 are the sum of the m- 

and p-xylene and the o-xylene concentrations for each sample. 

Total FID Volatiles values were generated by summing the areas of all integrated 

chromatogram peaks and calculated using the instrument response factor for toluene. Injection 

peaks, which also contain the light hydrocarbon methane, were excluded to avoid the skewing 

of Total FID Volatiles values due to injection disturbances and biogenic methane. For samples 

with low hydrocarbon concentrations, the calculated Total FID Volatiles concentration is 

occasionally lower than the sum of the individual analytes. This is because the response factor 

used for the Total FID Volatiles calculation is a constant, whereas the individual analyte response 

factors are compound specific. It is important to understand that the Total FID Volatiles levels 

reported are relative, not absolute, values. 

Ouaiitv Assumnce/OuaWv Contml (OA/OCI Evaluation 

Field QA/QC Samples 

Soil gas field control samples were collected at the beginning and end of the day’s field 

activities and after every twentieth soil gas sample. These QA/QC samples were obtained by 

filtering ambient air through a dust and organic vapor filter cartridge and encapsulating as 

described above. The laboratory results of the analysis of these samples are reported in Tables 

1 and 2. Concentrations of all analytes were below the reporting limit in all field control samples. 

4 
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Equipment rinseate samples were collected at the beginning and end of each day’s ground 

water sampling activities. These QA/QC samples were obtained by collecting bottled distilled 

water through the teflon sampling tube. The laboratory results of the analysis of these samples’ 

are reported in Tables 3 and 4. Concentrations of all analytes were below the reporting limit in 

all rinseate samples. 

Laboratory QA/QC Samples 

A duplicate analysis was performed on every tenth soil gas sample. A duplicate 

headspace sample was prepared and analyzed for every tenth ground water sample. Laboratory 

blanks of nitrogen gas were also analyzed after every tenth field sample. The results of these 

analyses are reported in Tables 1 through 4. All duplicate analyses were within acceptable limits. 

Concentrations of all analytes were below the reporting limit in all laboratory blanks. 

5 
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TARGET Project MBLI 

-J TABLi 

ANALYTECONCENTRATIONSIN SOlLGASVIAGC/FID @g/l) 

SAMPLE 

IN-FIELD IEIHYL- TOTAL FID 

TOTAL PID BENZENE TOLUENE BENZENE XYLENES VOLATILES’ 

REPORTING LIMIT 10 

201 
202 
203 
204 
205 

206 cl0 
207 40 
208 cl0 
209 a0 
210 cl0 

211 cl0 
212 40 
213 cl0 
214 a0 
215 cl0 

216 -do 
217 a0 
218 <lo 
219 40 
220 cl0 

221 N/A 
222 N/A 
223 N/A 
224 N/A 
225 N/A 

226 NIA 
227 N/A 
228 N/A 
229 WA 
230 NIA 

231 N/A 
232 N/A 

1.0 

4 .o 
4.0 
4 .o 
4 .o 
4 .o 

4.0 
4 .o 
4.0 
4.0 
Cl .o 

4.0 
4 .o 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

Cl.0 
Cl.0 
4.0 
4.0 
4.0 

4 .o 
4 .o 
cl.0 
4 .o 
4 .o 

Cl .o 
4.0 

1.0 

4.0 
4 .o 
cl.0 
4.0 
4.0 

4.0 
4 .o 
4.0 
4.0 
4 .o 

4.0 
4.0 
cl.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
cl.0 
cl.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 

1.0 

4.0 
4.0 
4.0 
4 .o 
4.0 

4.0 
4.0 
a.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4 .o 
4.0 
4.0 

4.0 
cl .o 
4.0 
<l .o 
4 .o 

4.0 
4.0 
cl.0 
4.0 
Cl.0 

4.0 
4.0 

1.0 

4 .o 
4.0 
cl .o 
4 .o 
4.0 

4.0 
4.0 
cl .o 
4.0 
4.0 

Cl .o 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
<l .o 
cl.0 
4.0 

cl.0 
4.0 
4.0 
4.0 
4 .o 

4 .o 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 

10 

40 
<lo 
cl0 
40 
<lo 

40 
40 
40 
40 
cl0 

cl0 -. 
40 , 
40 
40 
40 

/. 
40 
40 
40 
cl0 
40 

40 
cl0 
40 
40 
40 

40 
40 
cl0 
<lo 
40 

40 
40 

l CALCUlAlEO USING THE SUM OF THE AREAS OF ALL INTEGRATED CHROMATOGRAM PEAKS AND THE 
INSTRUMWTRESPONSE FACTOR FOR TOLUWE 
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TABLE 1 (CONT.1 

TARGET Project MBLI 

ANALYTE CONCENTRATIONS IN SOIL GAS VIA GC/FID @g/i) 

SAMPLE 

IN-FIELD ETHYL- TOTAL FID 

TOTAL PID BENZENE TOLUENE BENZENE XYLENES VOLATILES‘ 

REPORTING LIMIT 10 

FIELD CONTROL SAMPLES 

1.0 

301 ilO cl .o 
302 40 4 .o 
303 N/A cl .o 
304 N/A 4 .o 

LABORATORY DUPLICATE ANALYSIS 

210 40 cl.0 
210R 40 cl.0 

220 40 4 .o 
220R 40 4 .o 

230 N/A 4.0 
230R N/A cl .o 

LABORATORY BLANKS 

2108 40 cl.0 
2208 40 cl.0 
230B N/A 4.0 

1.0 

cl.0 
<l .o 
4.0 
cl .o 

4.0 
4.0 

cl .o 
4.0 

4 .o 
cl.0 

4 .o 
4.0 
<l .o 

4 .o 
cl .o 
<l .o 
cl.0 

4 .o 
4.0 

cl.0 
4.0 

4.0 
4.0 

4 .o 
d .o 
cl .o 

1.0 

4 .o 
4.0 
<l .o 
cl.0 

4.0 
4 .o 

4.0 
4 .o 

4.0 
4 .o 

4.0 
4.0 
4 .o 

40 
40 
40 
40 

40 
40 

40 
40 

40 
40 

40 
40 
40 

- CALCUUTED USING THE SUM OF THE AREAS OF ALL INTEGRATED CtiROhfAT0GR.W pw<S AND M 
lNS7RUMENTRESPONSE FACTOR FOR TOLUENE 



TARGET Project I 

- TABLE 2 

ANALYTE CONCENTRATIONS IN SOIL GAS VIA GC/ECD &g/l) 

SAMPLE 
REPORTING 

1lDCE CHZCL2 tl2DCE 11DCA cl2DCE CHCl3 1llTCA CCL4 TCE 112TCA 
1.0 1.0 1.0 1.0 1.0 1.0 

LIMIT 

201 cl.0 
202 cl.0 
203 cl.0 
204 cl.0 
205 4 .o 

206 4.0 
207 cl.0 
208 cl.0 
209 a.0 
210 Cl .o 

211 cl.0 
212 4.0 
213 4.0 
214 4.0 
215 4.0 

216 4.0 
217 4.0 
218 4.0 
219 4.0 
220 4.0 

221 Cl .o 
222 4.0 
223 4.0 
224 4.0 
225 4.0 

226 4.0 
227 4.0 
228 4.0 
229 4.0 
230 4.0 

231 Cl.0 
232 4.0 

1lDCE = i,l+fkhknwlbne 

17DCA = 1.7xkhIomdham 

111TCA = 1.1.1~trichhnw#nne 

112TCA = 7.l.btrkhiumeUme 

4.0 
Cl .o 
4.0 
4.0 
4.0 

4.0 
4.0 
Cl.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4 .o 

4.0 
4 .o 
4.0 
4.0 
4.0 

Cl.0 
4.0 
4.0 
4.0 
4.0 

4.0 
Cl.0 
4 .o 
4.0 
Cl.0 

4.0 
4 .o 

4.0 

4.0 
4.0 
4.0 
4.0 

4.0 
<I .o 
4.0 
4.0 
4.0 

4 .o 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 

4.0 

Cl.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
-3 .o 

cl.0 
4 .o 
4.0 
4.0 
<l .o 

4.0 
cl.0 
4.0 
cl.0 
4 .o 

4.0 
4.0 
4.0 
cl .o 
Cl.0 

4.0 
4.0 
4.0 
4 .o 
cl .o 

4.0 
4.0 
4 .o 
4.0 
4.0 

4.0 
4.0 
4 .o 
4.0 
4.0 

4 .o 
4.0 

4 .o 
4 .o 
Cl.0 
4.0 
4.0 

4.0 
4.0 
4.0 
cl .o 
4 .o 

4.0 
4.0 
4.0 
4 .o 
4.0 

4.0 
4.0 
cl.0 
4.0 

4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4 .o 
4.0 

4.0 
4.0 

1.0 

4.0 
cl.0 
4.0 
4.0 
Cl .o 

4.0 
4.0 
4.0 
Cl.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4 .o 
4.0 
4.0 
Cl .o 

4 .o 
4.0 
4.0 
Cl.0 
4.0 

4 .o 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 

1.0 

<I .o 

cl .o 
4.0 
4.0 
<I .o 

Cl.0 
4.0 
Cl.0 
xl.0 
4.0 

4 .o 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
cl .o 
4.0 
4.0 
4.0 

4.0 
4.0 

1.0 

4.0 
cl .o- 
4 .o 
cl .o 
cl .o 

4.0 
Cl .o 
4.0 
Cl .o 
4 .o 

4.0 
4.0 
4.0 
Cl.0 
4.0 

4 .o 
4.0 
<I .o 
4.0 
4.0 

4 .o 
4.0 
4.0 
4 .o 
4.0 

4.0 
4.0 
cl.0 
4.0 
4.0 

4.0 
4.0 

1.0 

cl.0 
<I .o 

4.0 
cl.0 
cl.0 

4 .o 
cl.0 
4.0 
4.0 
4.0 

4.0 
4.0 
Cl.0 
4 .o 
4.0 

4.0 
4.0 
cl.0 
Cl.0 
4.0 

4.0 
4 .o 
4.0 
4.0 
4.0 

4.0 
4 .o 
4.0 
cl.0 
4.0 

4.0 
4.0 

a.0 
<I .o 
a.0 
4 .o 
<I .o 

cl .o 
4 .o 
4.0 
Cl.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4 .o 
4.0 

4.0 
4.0 
4.0 
4.0 
4.0 

4.0 
cl.0 

CHXLZ = nlethyknedl~ tl2DCE = bansf,2akhImwthem 

cl2DCE = ds-1,28ch&methem 

cc14 = CallJon t&achhmB 

PCE =rehdB- 

CHCU =ch- 

TCE = Hch- 



TARGET Prow 

TABLE 2 ICOiJT.) 

ANALYTE CONCENTRATIONS IN SOIL GAS VIA GC/ECD @g/I) 

SAMPLE 
REPORTING 

Lum 

1lDCE CHZCl2 tl2DCE 1lDCA cl2DCE CHCl3 1llTCA CCL4 TCE 112TCA 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

FIELD CONTROL SAMPLES 

301 4.0 4 .o 
302 cl.0 e1.0 
303 cl.0 cl .o 
304 <l .o cl .o 

jABORATORY DUPLICATE ANALYSIS 

210 4 .o 
210R cl.0 

220 cl .o 
220R Cl.0 

230 cl .o 
230R cl.0 

,’ 

LABORATORY BLANKS 

2108 cl.0 
220B x1.0 
230B 4 .o 

4 .o 
cl.0 

4 .o' 
4 .o 

cl .o 
4 .o 

4 .o 
4 .o 
cl .o 

4.0 
4 .o 
cl.0 
cl .o 

4 .o 
4 .o 

4 .o 
4 .o 

cl .o 
4 .o 

<l .o 
4 .o 
<l .o 

1.0 

cl .o 

4 .o 

4 .o 
<l .o 

4 .o 
cl .o 

4 .o 
4 .o 

cl .o 
-4 .o 

cl.0 
4 .o 
4 .o 

1.0 

4 .o 
4 .o 
cl .o 
cl .o 

-4 .o 
4 .o 

4 .o 
4 .o 

4.0 
4 .o 

cl.0 
4.0 
4 .o 

xl.0 
cl.0 
cl.0 
cl.0 

cl.0 
a.0 

cl.0 
a.0 

cl.0 
a.0 

a.0 
cl.0 
a.0 

4 .o 
4 .o 
4 .o 
cl.0 

4 .o 
<l .o 

4.0 
4 .o 

cl.0 
d.0, 

4 .o 
4 .o 
4 .o 

4 .o 
4 .o 
cl.0 
4 .o 

cl.0 
4 .o 

cl.0 
4.0 

cl.0 
cl.0 

cl.0 
a.0 
d.0 

4 .o 
4 .o 
<l .o 
cl.0 

cl.0 
cl.0 

4.0 
a.0 

cl.0 
4 .o 

<l-O 
a.0 
a.0 

4 .o 
$1 .o 
4.0 
4.0 

cl.0 
4 .o 

4.0 
cl.0 

d.0 
cl.0 

Cl.0 
cl.0 
4 .o 

1lDcE = f,lchknwumm cH2cu = fmfhyk3mch~ 

1lDCA = l,l-dich~m cl2DCE = cis-1.2-dkhk 

IllTCA = f,f,i-bfchbmeltmne cc14 = cartKmt&achkmf& 

112TCA = 1.1.2-bkh- PCE =t&Xhloroethene 

ti2OCE = transl.2~~ 

CHCl3 =ch- 

TCE =tl&h- 
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TARGET Project MBU 
TABLE 3 

ANALYTE CONCENTRATIONS IN HEADSPACE OF GROUND WATER 
VIA GC/FID (pg/i OF AIR) 

SAMPLE 

IN-FIELD ETHYL- TOTAL FID 

DEPTH (FT) TOTAL PID BENZENE TOLUENE BENZENE XYLENES VOLATILES’ 

REPORTING 10 

LIMIT 

1 14 cl0 
2 14 cl0 
3 14 25 
4 14 220 
5 9 240 

6 14 35 
7 14 20 
8 10 12 
9 10 40 
10 10 17 

11 9.5’ N/A 
12 10 N/A 
13 10 N/A 
14 ,. 10 N/A 
15 10 N/A 

16 10 N/A 
17 10 N/A 
18 10 N/A 

p 

101 N/A 40 
102 N/A N/A 
103 N/A N/A 
104 N/A N/A 

ANALYSIS OF DUPLICATE SAMPLES 

12 N/A N/A 
12D N/A N/A 

4 N/A N/A 
4D N/A N/A 

1.0 

cl.0 
Cl.0 
<l .o 
cl .o 
<l .o 

cl .o 
<l .o 
cl .o 
cl .o 
<l .o 

<l .o 
4 .o 
<l .o 
cl .o 
cl .o 

<l .o 
<l .o 
cl.0 

4.0 
<i .o 
4 .o 
4 .o 

cl .o 
4 .o 

Cl .o 
4.0 

1.0 

<l .o 
4 .o 
cl .o 
cl.0 
cl .o 

cl .o 
<l .o 
cl .o 
4.0 
cl .o 

cl .o 
4 .o 
cl.0 
cl.0 
cl .d 

4.0 
cl.0 
4 .o 

<l .o 
cl .o 
4.0 
<l .o 

d-0 
<l .o 

<l .o 
<l .o 

1.9 

cl .o 
cl .o 
cl.0 
<l .o 
<l .o 

4 .o 
4.0 
cl .o 
<l .o 
cl.0 

<l .o 
<l .o 
cl .o 
cl .o 
cl .o 

cl .o 
Cl .o 
Cl .o 

cl .o 
Cl .o 
<l .o 
4.0 

<l .o 
<l .o 

4 .o 
cl .o 

1.0 

cl.0 
cl .o 
<l .o 
cl.0 
cl .o 

cl.0 
4.0 
<l .o 
<l .o 
4.0 

14 
4 .o 
4 .o 
a.0 
4 .o 

<l .o 
cl .o 
cl .o 

cl .o 
cl .o 
<l .o 
<l .o 

=d .o 
4 .o 

4 .o 
<l .o 

10 

<lo 
cl0 

38 
365 
461 

37 
18 
14 

<lo 
25 

11,200 
<lo 
cl0 
a0 
<lo 

<lo 
12 
25 

<lo 
40 
cl0 
a0 

cl0 
<lo 

365 
395 

l CALCULATEO USING THE SUM OF THE AREAS OF ALL INTEGRATED CHRWTOGFMM pEiv<S AND THE 
iNS7RUhENTRESPONSE FACTOR FOR TOLUENE 



TABLE 3 (CONT.1 

TARGET Project MBLI 

ANALYTE CONCENTRATIONS IN HEADSPACE OF GROUND WATER 
VIA GC/FID (pg/l OF AIR) 

IN-FIELD ETHYL- TOTAL FID 

SAMPLE DEPTH (FT) TOTAL PID BENZENE TOLUENE BENZENE XYLENES VOLATILES’ 

REPORTING 10 I.0 1.0 1.0 1.0 10 

LIMIT 

LABORATORY BLANKS 

128 : N/A N/A <I .o cl .o 4 .o <l .o -40 
48 N/A N/A <I .o cl .o 4 .o 4 .o Cl0 

l CALCULATED USING THE SUM OF THE AREAS OF ALL INTEGRATED CHROMATOGRAM PEAK.7 AND THE 
INSlRUbfENT RESPONSE FACTOR FOR TOLUENE 
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TABLE 4 - 
TARGET Project ME 

ANALYTE CONCENTRATIONS IN HEADSPACE OF GROUND WATER 
VIA GC/ECD (pg/l OF AIR) 

SAMPLE 
REPORTING 
LIMIT 

11DCE CHZCIZ t12DCE 1lDCA cl2DCE CHCIS 1llTCA cc14 TCE 112TCA P 

1.0 1.0 1.0 1.0 1.0 

4 .o 
<l .o 
4.0 
4.0 
cl.0 

cl.0 2.9 
4.0 7.4 
4.0 4.0 
4.0 11 
4 .o 2.7 

cl.0 
cl.0 
4.0 

1.7 
6.8 

6 cl .o 
7 4.0 
8 cl.0 
9 4.0 
10 4 .o 

4.0 6.4 

4.0 7.3 
Cl .o 7.8 
4.0 3.2 
4.0 2.6 

6.6 
4.0 
5.5 

4 .o 
4.0 

11 61 
12 4 .o 
13 4 .o 
14 4.0 
15 4.0 

1.0 

4.0 
4.0 
4.0 
Cl.0 
<l .o 

Cl.0 
4.0 
4.0 
4.0 
4.0 

4.0 
4.0 
4.0 
4.0 
4 .o 

a.0 
4 .o 
-4.0 

1.0 

4.0 
4.0 
4 .o 
4.0 
4.0 

Cl.0 
Cl.0 
4 .o 
4.0 
4 .o 

351 
4.0 
4.0 
Cl.0 
4.0 

4.0 
cl.0 
4.0 

4 .o 
4.0 
4.0 
Cl.0 

4.0 
4.0 

4.0 
Cl.0 

4.0 51,560 

1.5 cl .o 
4.0 4 .o 
cl.0 cl .o 
Cl.0 <l .o 
Cl .o cl .o 

cl.0 cl .o 
cl.0 <l .o 
cl.0 cl .o 
4.0 4.0 
cl .o '_ cl.0 

I 

<l .o 
4 .o 
<l .o 
-4.0 

cl.0 
cl.0 
<l .o 

cl.0 
4.0 
4 .o 
4.0 

4.0 
4 .o 

4.0 
4.0 

8.5 
9.6 
4.9 
6.6 

16 4.0 
17 4 .o 
18 4.0 

4 .o 
4.5 
15 

973 
4 .o 
4 .o 
4.0 

2.9 
: 

4.0 
4 .o 

4.8 

<’ 

<’ 

1 
13 
2,; 

1 

< 

13,d 

l 

EQUIPMENT RINSEATE SAMPLES 

4.0 
Cl.0 
4.0 
4.0 

e1.0 
4.0 
4.0 
Cl.0 

.  

8.5 
8.9 

4.0 
4.0 

11 
.12 

4.0 
1.2 

4.0 
y.0 
cl .o 

4.0 
4.0 
4 .o 

4.0 
4.0 
4 .o 
4.0 

1.2 
1.3 

4.0 
4 .o 

<l.O 
cl.0 
cl .o 
4.0 
4 .o 

cl .o 
4.0 
4 .o 

cl.0 
4.0 
Cl.0 
4.0 

4.0 
4.0 

4 .o 
4 .o 

1.0 

cl .o 
4 .o 
4.0 
cl.0 
Cl.0 

<l .o 
Cl.0 
cl.0 
cl .o 
Cl.0 

4 .o 
4.0 
cl.0 
4 .o 
cl.0 

<l .o 
cl .o 
4.0 

4.0 
Cl.0 
4.0 
4.0 

4 .o 
4.0 

4 .o 
4.0 

1.7 
1.8 

1.0 

cl.0 
4.0 
4.0 
a.0 
a.0 

cl.0 
4.0 
4 .o 
4.0 
Cl.0 

3.,5 
4.0 
4.0 
4.0 
4.0 

4 .o 
<l .o 
4.0 

4.0 
4.0 
4.0 
Cl.0 

4.0 
4.0 

4 .o 
4 .o 

1 
1 

1lDCA = l.i-dc- cl2DCE = ds-1.2dwkrrrwlene CHCO = chmotm 

cH2cl2 = methy%nechlorlde tl2DCE = ttanz+l,2&hhmethene 

1llTCA = i,l,l-trkhkmethane cc14 = carbon tebchkuide TCE = ttichbro&hme 

112TCA = l.f.2-blch~ PCE =tetmchhnueumm 



TARGET Project 

TABLE 4 (CO&.) 

ANALYTE CONCENTRATIONS IN HEADSPACE OF GROUND WATER 
VIA GC/ECD @g/i OF AIR) 

SAMPLE 
REPORTING 

LIMT 

1lDCE CHZCl2 tl2DCE 1lDCA cl2DCE CHCl3 11lTCA ccl4 TCE 112TCA 

1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

128 cl.0 <l .o a.0 a.0 cl.0 cl.0 a.0 cl.0 a.0 Cl.0 

48 4.0 cl .o Cl .o -4 .o 4 .o 4 .o 4 .o 4.0 a.0 -4 .o 

1lDCE = ~,kiichbmdma cH2a2 = mech~chkride 

11DCA - l.ldichkm&ane cl2DCE = cis-1.2-cGchk1met 

7llTCA = l,l.l-tdchhnoefhane cc14 = carbon wach.4uida 

112TCA = 1.1,sbkhlcmdtme PCE =WhC/l- 

n2DcE = bans-l,2xikh~ 

CHCl3 = chhnwlbtm 

TCE = bichbtcdhem 
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‘IONS EPA REGION III RISK-BASED CONCENTRAT 
TCL VOLATILE COMPOUNDS 

JANUARY 7, 1994 

COMPOUND 
TAP AMBIENT FISH COMMERCIAL/ RESIDENTIAL 

WATER AIR INDUSTRIAL SOIL 
SOIL 

(c(9m Wm”) W9/k9) (m9/k9) @g/kg) 

Chloromethane 
Bromomethane 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 
Acetone 
Carbon disuifide 
1 ,I -Dichloroethene 
1 ,l -Dichloroethane 
1,2-Dichloroethene (total) 
Chloroform 
1,2-Dichloroethane 
2-Butanone 
1 ,l ,l -Trichloroethane 
Carbon Tetrachloride 
Bromodichloromethane 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
Trichloroethene 
Dibromochloromethane 
1 ,1,2-Trichloroethane 
Benzene 
trans-1,3-Dichloropropene 
Bromoform 
4-Methyl-2-pentanone 
2- Hexanone * 
Tetrachloroethene 
Toluene 
1 ,I ,2,2-Tetrachloroethane 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Xylenes (total) 

1.4 0.99 0.24 220 49 
8.7 5.2 1.9 1400 110 

0.019 0.021 0.0017 1.5 0.34 
710 10000 27 20000 1600 
4.1 3.8 0.42 380 85 

3700 370 140 100000 7800 
21 IO 140 100000 7800 

0.44 0.036 0.0053 4.8 1.1 
810 520 140 100000 7800 
55 33 12 9200 700 

0.15 0.078 0.52 470 100 
0.12 0.069 0.035 31 7 

22000 1000 810 610009 47000 
1300 1000 120 92000 7000 
0.16 0.12 0.024 22 4.9 
0.17 0.1 0.051 46 10 
0.16 0.092 0.046 42 9.4 

0.077 0.048 0.018 16 3.5 
1.6 1 0.29 260 58 

0.13 0.075 0.038 34 7.6 
0.19 0.11 0.055 50 11 
0.36 0.22 0.11 99 22 

0.077 0.048 0.018 16 3.5 
2.4 1.6 0.4 360 81 

1800 84 68 51000 3900 

1.1 3.1 0.061 55 12 
750 420 270 200006 16000 

0.052 0.031 0.016 14 3.2 
39 21 27 20000 1600 

1300 1000 140 100006 7800 
1600 1000 270 200006 16000 

12000 7300 2700 1000000 160000 

Notes: 
1) TCL indicates Target Compound List. 
2) * indicates compound not located on EPA Region III Risk-Eased Concentrations list. 

source: 
January 7,1994 update of EPA Region III Risk-Based Concentrations (for use with Region III technical guidance on 
selecting exposure routes and contaminants of concern by risk-based screening) originally included as Appendix 
I of Selecting Exposure Routes and Contaminants of Concern by Risk-Based Screening,’ Reoion III Techri-1 
Guidance Manual. Risk Assessment, January, 1993. (EPA/903/R-93-001) 

CTO-0052/RAVOL.WKl 4-22-co-1920s 
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TCL SEhWVOUTlLE COMPOUNDS 

JANUARY 7.1994 
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EPA REGION III RISK-BASED CONCENTRATIONS 
TCL PESTICIDES AND PCBs 

JANUARY 7, 1994 

COMPOUND 
TAP AMBIENT 

WATER AIR 

Wl) @g/m31 

FISH 

(w/kg) 

COMMERCIAL/ RESIDENTIAL 
INDUSTRIAL SOIL 

SOIL 

(m9/k9) (w/kg) 

alpha-BHC 
beta-BHC 
delta-BHC * 
gamma-BHC (Lindane) 
Heptachlor 
Aldrin 
Heptachlor epoxide 
Endosulfan 
Dieldrin 
4,4’-DDE 
Endrin 

‘4,4’-DDT 
__-... Metho chlor 

Endrin ketone * 
Endrin Aldehyde * 

i 

Chlordane 
Toxaphene 

0.011 0.00099 0.0005 0.45 0.10 
0.037 0.0035 0.001 a 1.6 0.35 

0.052 0.0048 0.0024 2.2 0.49 
0.0023 0.0014 0.0007 0.64 0.14 

0.004 0.00037 0.00019 0.17 0.038 
0.0012 0.00069 0.00035 0.31 0.07 

220 22 a.1 6100 470 
0.0042 0.00039 0.0002 0.18 0.04 

0.2 0.18 0.0093 a.4 1.9 
11 1.1 0.41 310 23 

0.28 0.026 0.013 12 2.7 
- 

0.2 0.01 a 0.0093 a.4 1.9 
180 la 6.8 5100 390 

- 

0.052 
0.061 

6.0049 
0.0056 

0.0024 
0.0029 

2.2 0.49 
2.6 ” 0.58 

PCBs 0.0087 0.00081 0.00041 0.37 0.083 
Aroclor 1016 2.6 0.26 0.095 72 5.5 

Notes: 
1) TCL indicates Target Compound List. 
2) PCBs indicates polychlorinated biphenyls 
3) * indicates compound not located on EPA Region III Risk-Based Concentration list. 

Source: 
January 7, 1994 update of EPA Region III Risk-Based Concentrations (for use with Region III technical guidance on 
selecting exposure routes and contaminants of concern by risk-based screening) originally included as Appendix 
I of “Selecting Exposure Routes and Contaminants of Concern by Risk-Based Screening,” Region Ill Technical 
Guidance Manual, Risk Assessment, January, 1993. (EPA/903/R-93-001) 

4-22-W-l 



.~~EGION It1 RISK-BASED CONCENTRATIONS 
ENORGANIC TARGET ANALYTE LIST 

JANUARY 7,1994 

Note: 

COMMERCIAL/ RESIDENTIAI 
INDUSTRIAL SOIL 

SOIL 

(w/kg) m/w 

0.67 0.15 
510 39 

38000 2900 
I 
I - 

0.1 
I 

0.0078 
- 

5100 390 

310 23 

310 23 
20000 1600 

I - 
5100 390 
5100 390 

I - 
7200 550 

20000 1600 

1) * indicates corn 4 
not located on EPA Region III Risk-Based Concentrations list. 

Source: 

January 7, 1994 up@ 
@Qf EPA Region III Risk-Based Concentrations (for use with Region III technical guidance on I Risk-Based Concentrations (for use with Region III technical guidance on 

selecting exposure r&U.. .@+ and contaminants of concern by risk- based screening) originally included as Appendix ps and contaminants of concern by risk- based screening) originally included as Appendix 

l of “Selecting 5xp .’ &Routes and Contaminants of Concern by Risk-Based Screening,” Region III Technical Routes and Contaminants of Concern by Risk-Based Screening,” Region III Technical 

Guidance Manual ssessment, January, 1993. (EPA/SO3lR-93-001) rsessment, January, 1993. (EPA/SO3/R-93-001) 

422-00-l 
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DRINKING WATER REGULATIONS 

AND HEALTH ADVISORIES 

bY 

Office of Water 
U.S. Environmental Protection Agency 

Washington, O.C. 
2020260-7573 

-- :- -H 

SAFE DRINKING WATER HOTLINE 
l-8004264791 

Monday thtu Friday, 8:30 AM to 5:OO PM EST 

May 1993 



GEND 

Abbreviations column descrimions are: 

MCLG- Maximum Contaminant Level Goal. A non-enforceable 
concentration of a drinking water contaminant that is protective of 
adverse human health effects and allows an adequate margin of 
safety. 

!!!!a- Maximum Contaminant Level. Maximum permissible level of a 
contaminant in water which is delivered to any user of a public 
water system. 

RfD - Reference Dose. An estimate of a daily exposure to the human 
population that is likely to be without appreciable risk of deleterious 
effects over a lifetime. 

- DWEC Drinking Water Equivalent Level. A lifetime exposure concentration 
protective of adverse, non-cancer health effects, that assumes all 
of the exposure to a contaminant is from a drinking water source. 

( ’ 1 The codes for the Status and Sratus HA columns are as follows: 

E - final 
P - draft 
L - listed for regulation 
e - proposed 
1 - tentative 

Other codes found in the table include the following: 

NA- not applicable 
es - performance standard 0.5 NTU - 1.0 NTU 
fl: - treatment technique 

4. . No more than 5% of the samples per month may be positive. For 
systems collecting fewer than 40 samples/month, no more than 1 . 
sample per month may be positive. 

b*b - guidance 

- Large discrepancies between Lifetime and Longer-term HA values may occur 
because of the Agency’s conservative policies, especially with regard to 
carcinogenicity, relative source contribution, and less than lifetime 
exposures in chronic toxicity testing. These factors can result in a 
cumulative UF (uncertainty factor) of 10 to 1000 when calculating a 
Lifetime HA. 



Drinking Water Standards and Health Advisories 

MGANICS 

kenaphthene 
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Vanadwn L- - 

whitf! phosphorolJs o.oooo2 o.ooo5 o.ooo1 

MC L- - 

Ekt8 p3tfticle and phOtOn 
activily llormetly 

mm-made radionuclldss~ 
Gross alpha particle activity 

fwium 226 



Seconda* Maximum Contaminant Levels 

May 1993 Page 10 

che*ls 

Aluminum 

ChlorMe 

Color 

Copper 

Corrosivity 

Fluoride l 

Foaming agents 

lr0l-l 

Manganese 

Odor 

Pf-f 
. 

SllVtU 

Sulfate ’ 

Total dissolved solids (TDSl 

Zinc 

SMCLS brig/L) 

F 0.05 to 0.2 

F 250 

F i5 color units 

F 1;o 

F non-corrosive 

F 2.0 

F 0.5 

F 0.3 

F 0.05 

F 3 threshold odor numbers 

F 6.5 - 0.5 

F $1 

F 250 

F 500 

F 5 

Status Codes: P - proposed, F - final 

l Under review. 



Micro&io/og y 

May 1993 

- - 1 
Cryptosporidium 

Glsrda Iamblia 

Legionells 

Stendard Plate Count 

Total Cotiforms (after 12/31/90) 

~ Turbidity (after 12/31/901 

: Viruses 

MClG 

- 

zero 

ZWO 

NA 
ZClfO 

NA 
zero 

Key: PS, IT, F, defined as previously stated. 

Page 11 

7-l 

TT 

l-r 
. . 

PS 

l-T 
t. 

’ Final for systems uslng surface water; also being considered for 
regulation under groundwater disinfection rule. 
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VR680-21-04.2 - Anti-degradation Policy for Groundwater 

If the concentration of any constituent in groundwater is less 
than the limit set forth by groundwater standards, the natural 
quality for the constituent shall be maintained; natural 
quality shall also be maintained for all constituents, 
including temperature, not set forth in groundwater standards. 
If the concentration of any constituent in groundwater exceeds 
the limit in the standard for that constituent, no addition of 
that constituent to the naturally occurring concentration shall 
be made. Variance to this policy shall not be made unless it 
has been affirmatively demonstrated that a change is 
justifiable to provide necessary economic or social 
development, that the degree of waste treatment necessary to 
preserve the existing quality cannot be economically or 
socially justified, and that the present and anticipated uses 
of such water will be preserved and protected. 

Water Quality Standards - 5120192 
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VR680-21-04.3 Groundwater Standards Applicable Statewide 

CONSTITUENT CONCENTRATION 

Sodium 
Foaming Agents as methylene blue 

active substances 
Petroleum hydrocarbons 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Cyanide 
Lead 
Mercury 
Phenols 
Selenium 
Silver 
Zinc 

270 mg/l 

0.05 w/l 
1 w/l 
0.05 mg/l 
1.0 w/l 
0.0004 w/l 
0.05 w/l 
1.0 w/l 
0.005 w/l 
0.05 q/l 
0.00005 w/l 
0.001 
0.01 

None 
0.05 

Chlorinated Hydrocarbon Insecticides 

Aldrin/Dieldrin 0.003 
Chlordana 0.01 
DDT' 0.001 
Endrin 0.004 
Heptachlor 0.001 
Heptachlor Epoxide 0.001 
Kepone None 
Lindane 0.01 
Methoxychlor 0.03 
Mirex None 
Toxaphene None 

Chlorophenoxy Herbicides 
2,4-D 
Silvex 

0.1 
0.01 

Radioactivity 

Total Radium (Ra-226 & Ra-228) 
Radium 226 
Gross Beta Activity* 
Gross Alpha Activity 

(excluding Radon L Uranium) 
Tritium 
Strontium-90 

5 
3 

50 
15 

20,000 
8 

mg;1 
w/l . . 

mg/l 

ug/l 
v/l 
w/l 
w/l 
w/l 
w/l 

w/l 
w/l 

w/l 
mg/l 

pCi/l 
pCi/l 
pCi/l 
pCi/l 

pCi/l 
pCi/l 

Manmade Radioactivity - Total Dose Equiv.** 4 mrem/yr 

pCi/l = picocurie per liter 
mrem/yr = millirems per year 

*The gross beta value shall be used as a screening value only. 
If exceeded the water must be analyzed to determine the presence 
and quantity of radionuclids to determine compliance.with the 
tritium, strontium, and manmade radioactivity standards. 

Water Quality Standards - S/20/92 
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**Combination of all sources should not exceed total 
dose equivalent of 4 mrem/year. 

VR680-21-04.4 Groundwater Standards Applicable by 
Physiographic Province 

CONSTITUENT 

PB 

Ammonia 
Nitrogen 

Nitrite 
Nitrogen 

Nitrate 
Nitrogen 

Coastal 
Plain 

6.5-9 

0.025 lag/l 

0.025 mg/l 

5 Wl 

Piedmont & 
Blue Ridge 

5.5-8.5 

0.025 mg/l 

0.025 mg/l 

5 w/l 

VR680-21-05 WATER QUALITY CRITERIA 

VR680-21-05.1 General Requirements 

CONCENTRATION 

Valley & Cumberland 
Ridge Plateau 

6-9 5-8.5 

0.025 mg/l 0.025 mg/l 

0.025 mg/l 0.025 mg/l rT ;i;. 

5 mg/l 0.5 w/l .'-. 

FOR GROUNDWATER -: 
* . 

- . 
, I .- f, :. I- 

These groundwater quality criteria apply primarily to 
groundwater constituents that occur naturally. Since natural 
groundwater quality can vary greatly from area to area for 
these constituents, enforceable standards vere not adopted. 
These criteria are intended to provide guidance in preventing 
groundwater pollution. Groundwater criteria carry the same 
regulatory limitation as surface water criteria: they are not 
mandatory. 

VR680-21-05.2 Groundwater Criteria 

CONSTITUENT GROUNDWATER CRITERIA 
fma/ll BY PHYSIOGRAPHIC PROVINCE*** 

Alkalinity 
Total Diss. 

Solids 
Chloride 
Sulfate 
Total Organic 

Carbon 

Coastal 
Plain 

30-500 

1000 
50* 
50 

10 

Piedmont h Valley & Cumberland 
Blue Ridge Ridge Plateau 

10-200 30-500 30-200 

250 500 500 
25 25 25 
25 100 150 

10 10 10 

Water Quality Standards - 5/20/92 
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CONSTITUENT GROUNDWATER CRITERIA 
(ma/l) BY PHYSIOGRAPHIC PROVINCE*** 

Coastal Piedmont 8 Valley & Cumberland 
Plain Blue Ridge Ridge Plateau 

Color units 15 15 1s . 15 
Iron 0.3 0.3 0.3 0.01-10 
Manganese 0.05 0.05 0.05 0.01-0.5 
Sodium 100* 25 2s 100 
Fluoride 1.4** 1.4 1.4 1.4 
Hardness 120 120 300 180 

* It is recognized that naturally occurring concentrations 
will exceed.this limit in the eastern part of the Coastal 
Plain, especially toward the shoreline and with increased 
depth. 

+* Except within the cretaceous aquifer: concentration up to S 
mg/l and higher. 

**t See Figure 1, for delineation of physiographic provinces. 

VR680-21-06 PROCEDURAL REQUIREMENTS 

VR680-21-06.1 Variance in Standards 

A. The above standards notwithstanding, as a result of natural 
conditions, water quality may from time to time vary from 
established limits as a result of natural conditions. 

B. When the maximum temperature of put and take trout waters 
exceeds, solely due to natural conditions, the maximum 
allowable temperature standard specified in Section 
VR680-21-01.5, the Board, on a case-by-case basis, may 
grant a variance to the maximum temperature standard and 
will use the naturally occurring maximum temperature in 
setting effluent limits in permits. The public notice for 
any permit proposed to be issued or reissued by the Board 
will contain reference to any proposed granting of such a 
variance. 

C. Variances under Section 3.16(a) of the Clean Water Act and 
under B. above are site-specific case decisions that do not 
require a standards amendment. 

VR680-21-06.2 Modification, Amendment, and Cancellation of Standards 

Under the authority of Section 62.1-44.15(3)(b) of the State 
Water Control Law, 
modify, amend, 

the Board reserves the right at any time to 
or cancel any of the rules, policies, or 

standards set forth herein. Such modification, amendment, or 
cancellation shall be consistent with requirements of Section 
303 of the Clean Water Act, as amended, and regulations 
promulgated thereunder. 

Water Quality Standards - S/20/92 
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VR680-21-06.3 Shellfish Buffer Zones - Public Hearing 

Before acting on any proposal for a project that, while not 
contravening established numeric standards for shellfish 
waters, would result in condemnation by the State Health 
Department of shellfish beds, the Board shall convene a public 
hearing to determine the socio-economic effect of the proposal. 
Such proposals include discharge of treated waste or proposals 
to otherwise alter the biological, chemical or physical 
properties of State waters. If the Marine Resources Commission 
or the Virginia Institute of Marine Science certify that the 
project would have no effect on the shellfish use now and in 
the foreseeable future, the Board may dispense with such 
hearing. 

When the Board finds that the proposed project will result in 
shellfish bed condemnation and if the condemnation will violate 
the general standard, it shall disapprove the proposal. 

. _- .- ..T _. .- l.d. **i;:- 75 , - ,. . . . . _ , a 
VR680-21-06.4 Analytical Procedures 

- r 
, Analytical testing should be done in accordance with accepted 

procedures in 40 CFR 136, as amended or other Board/EPA 
recognized and approved methods. :. I.- .- 1 

VR680-21-06.5 Tidal Water Sampling ..,' s : : A-. 

Samples for determining compliance with standards established 
for estuarine or open ocean waters shall be collected at slack 
before flood tide or slack before ebb tide. 

VR680-21-06.6 Classification of Tributary Streams 

Any tributary stream which is not named in a specific section 
description, or otherwise, shall carry the same classification 
and standards of quality assigned to the stream or section to 
which it is tributary, except in the case of trout streams. 
Streams classified as trout waters are specifically named. 

VR680-21-07 SPECIAL STANDARDS AND DESIGNATIONS 

VR680-21-07.1 Special Standards and Requirements 

The special standards are shown in small letters to correspond 
to lettering in the basin tables. The special standards are as 
follows: 

Water Quality Standards - 5/20/92 
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VRbBO-21-01.14 Standards for Surface Uater 

A. lnstrcu water quality conditions shall not be acutely or chronically toxic crcept for toxicity as allowed for in VRbBO-Zl-01.2.C (miring zones). Ihr following a11 

oefinitions of acute and chronic toxicity conditions. 

Acute lorticity aeans an adverse effect that usually occurs shortly after the introduction of a pollutant. lethality to an organism is the usual measure of acute 

toxicity. Uhere death ir not easily detected immobilization is considered equfvrlent to death. 

Chronic ToMicily means an edverse effect thet is irreversible or progrerrfvr or occurs bemuse the rete of injury is greeter then the rate of repair during prolongc 

exposure to l pollutsnt. This includen low level, long-term effect6 l uch l e reduction in growth or reprobction. 

e. lhe followlng table is I list of nwtericat ueter quality stendards for specific parameters. 

1. For those uaters uith multiple designated beneficisl uses, the most stringent standards in the following table shall apply. 

2. IJhen information has become available from the Enviroranental Protection Agency to calculate additional aquatic life or hunan health standards not contained in 

the table the Board may employ these values in establishing effluent limitations or other limitations pursuant to the General Standard in VR680-21-01.2 necesw 

to protect the beneficial uses until the Board has completed the regulatory standards adoption process. 

lable of Parameters 

1 
SUBSTANCE . 

ACUTE2 

ugf I 

FRESHUATER 

AOUATIC 1IFc 1(LMN HEALlH 

ALL OIHER 

CHROtJlC’ 
3 

ALWATER PUBLIC UTTER 

ACUTE C”RORIC3 SUPPLIES SURFACE “ATERS’ 

UP/l W/l us/l WI/l uq/ I 

Aldrin c 3.0 0.3 1.3 0.13 0.0013 0.0014 

Amnonir See fable 1 See lable 2 See Tables 3 and 4 

Anthracene 

50 

190 69 36 

2,000 

9,600 

Arsenic 

Arsenic III 

Bariun 

110,u00 

Benzene c 12 710 

-_.--.-----. 
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VIWO-21-01.14.8 continued... 

APIJATIC LIFE INMAN HEN IH --- 

ACUTE’ 

FRESIIUATER 

CHRONIC3 
s 

AlWAlER 

CHRON, c’ 

PUBLIC UAI 
E 

R ALL OllltR 

ACNE SUPPLIES SURFACE "ATERS' 

us/ I uq/ I w/l us/l ugl I ug/ I 

Benzo(a)enthracene c 0.028 0.511 

Ben?o(b)f luoranthenc c 0.028 0.311 

Eenzo(k)fluorsnthcnc c 0.028 0.311 

Benzo(a)pyrene c 0.028 0.311 

Rromoform c 

Cacbaiun (l.l28lln(hardness*)l-3.828) (0.7852[ln(hardness*)l-3.490) 43 
e l 

9.3 

44 3,600 

Carbon Tetrechloride c 2.5 65 

Chlordane c 2.4 

Chloride 860,000 

Chlorine See VRMO-21-01.&l 

Chlorodibromomethane 

0.0043 

230,000 

.09 0.0040 0.0058 0.0059 

250,000** 

Chloroform c 57 4,700 

Chloromethane c 57 4 , 7UO 

Chlorpyrifos 0.083 0.041 0.011 0.0056 

Chromium III (0.819OLln(hardness+)1+3.688) (0.8190~ln(hardness*)I+l.561) 33,000 670,000 
e e 

Chrcmiun VI 16 11 1,100 50 170 3,400 

_-- .- .- 
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vn680-21-01.1C.B continued... 

1 

SLWAYC~’ 

Chrysene c 

pNJAllC 1IFE 
FAESHUATER HlJMAW HEAL rtJ 

ArllrF 
2 3 ALWAIER PUBLIC UAI R ..--.- -..- _.._ - 

CHROUIC 
Al 1 OIIIEW 

ug/ I 
ACUIE 

9 
C”RouIC3 

UQf I 
SUPPLIES 

I 
SURFACE "A,tRS' 

UP/ I ug/l W/l ug/ I 

cy8nide 22 

DOT c 1.1 

omton 

Dibenr(m,hMmthrucnc c 

Dichlorcmethane t 

1,2-Dichlorobenrcne 

1,3-Dich\orobenzcne 

l,C-Dichlorobenzene 

Dichlorobrcmnnethenc c 3.0 

1,2-Dichloroethene c 

(2,4-dichlorophenoxy) 

acetic acid (2,C-D) 

Dieldrin c 

Di-2-Etbylhemyl Phthelate c 

2,4-Dinitrotoluene c 

2.5 

0.1 0.1 

o.0243 

0.0019 0.71 

2,700 
,’ 

400 

400 

3.0 

71 

0.0019 0.0014 

18 

1.1 

b.311 

2~3,000 

D.OOSV 

0.311 

16,000 

17,000 

2,600 

2,600 

220 

vvo 

0.0014 

5v 

VI 
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VIMlO-Zl-C1.14.8 continued... 

ACUlE’ 

ug/ I 

FRESHUAIER 

AOUAIIC LIFE HUMAN HEAL 11 

R All OIHER 

CHROUfC3 
s 

ALWAlER PUBLIC UAI 
E 

ACME CHRONIC3 SUPPLIES SIIRFACE UAlERS’ 

w/l us/l us/L us/l WL---- 

Dioxin See VR6BO-21-01.15 

Dissolved Oxygen See VRbBO-21-01.5 

Endosul fen 0.22 0.056 

Endrin 0.18 0.0023 

Ethylbenzene 

f luoranthene 

f luorene 

Foaming agents (measured as 

methylene blue active substances) 

Cuthion 

tleptachlor c 0.52 

Herachlorocyclohexane 

flindane) 

2.0 

Hydrogen Sulfide 2.0 2.0 

Indenofl,2,3-cd)pyrene c 

Iron (soluble) 

0.01 

0.0038 

0.000 

0.034 0.0087 0.93 

0.037 0.0023 0.76 

3,100 

300 

1,300 

500** 

0.01 

0.053 0.0036 0.0021 

0.16 0.01 7 

2.0 

0.81 

29,000 

370 

14,000 

0.0021 

25 

0.311 

I sophorone 

Kepone zero leco 

_.--_-.---.- . _ . _ - - 
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VAMO-21-O1.lC.B continued... 

puA1IC 1lFf HUMAN HEALTH 

ACUIE' 

FRESHUAIER 

CHRONIC3 
3 

Al WATER 

CNRONIC3 

PUBLIC UAI 
I 

R ALL OIHLR 

1 
ACUIE SUPPLIES SURFACE "AT& 

=IANCE us/t w/l us/ I w/l us/ I l!u!-.. 

lesd (l.Z~[ln(harbKss*)l-C.705) 220 0.5 
c 

Malathion 0.1 0.1 

Manganeta ~8oltAAc) 

6C71 
Mercury 

Itethoxyclor 

Hirex 

bnochlorobenrene 

Nickel 

Nitrate <as N) 

Parathion 0.06s 

pm-1242 c 

PCB-12% c 

pm-1221 c 

Pm-1232 c 

PCB-1248 c 

PCR-1260 c 

2.4 0.012 

0.03 

zero 

2.1 

(0.8460[ln(hardness*)l*3.3612) (0.8460[ln(hardness*)1+1.1645) 75 
l e 

0.025 

0.03 

zero 

8.3 

0.013 

0.014 0.030 

0.014 0.030 

0.014 0.030 

0.014 0.030 

0.014 0.030 

0.014 u.030 

15 

50.. 

0.144 

40 

680 

607 

10,000 

0.00044 

0.00044 

0.00044 

0.00044 

0.00044 

0.00044 

0.146 

21,000 

4,5UJ 

0.00045 

0.00045 

0.0004~ 

0.00045 

0.0l1045 

u. UIIU4!J 

Water Quality Standards - 5/20/92 
Pi3t-1~ 3n nf 151 



VR680-21-01.14.8 continued.., 

AWArlC LIFE HUHAN HEALIH 

ACUTE2 

FRESHUAIER 

CHROJ 
s 

ALWATER 

CHRONIC3 

PUBLIC UAl 
f 

R ALL OIHER 

1 
ACUIL SUPPLIES SURFACE YATERS' 

$IESIAiwCE WI/l cm/ I us/l w/l w/l ug[ I -___. 

PCB-1016 c 0.014 0.030 0.00044 0.00045 

Pcntechlorophcnol c (1.005(pN,-4.830, (\.OOSQBN)-5.290) 13 7.9 2.6 82 
c a 

PH See VRbEO-21-01.5 

Phcnot 21,000 4 ,Luu,uulJ 

Phosphorus <Llemrntal) 0.10 

Pyrene 960 11,000 

Radioactivity See VRbBO-21-01.12 

Seleniu 

Silver 

Sulfate 

leaperature See .VR680-21-01.5 

Tetrachloroethylene 318 J,SlV 

loluene 

lotal dissolved solids 

20 

(1.72[ln(hardness)l-6.52) 
e 

0.73 

5.0 

0.0002 

300 71 172 

2.3 

250,000=* 

11,200 

6,800 200,000 

500,000** 

0.21 0.0002 0.0073 0.0075 

Trichloroethylene c 27 tlur 

- -__-. _ 
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VRbBO-21-01.16.8 continued... 

AouAlIC LlfE HLWN HEALlH 

1 
ACUTE’ 

FRESHUAIER 

CNROUlC3 
s 

ALWATER 

ACUTE CNRON, C3 

PUBLIC UAI 
E 

R ALL OIHER 

a 

SUPPLIES . SURFACE UATERS’ 

WRSTANCL u!l/l uq/l ug/l t&J/ I us/ I ugfl - 

2,4,6-Irichlorophcnol c 

2-(Z,C,S-lrlchlorophcnory) 

propionic acid (Silver) 

fributyltln 

Vinyl Chloride c 

Zinc 

See VRMO-21-01.13 

20 

l (0.8C73lIn(hardness*)1+0.860C) (0.84T3fIn(hardness~)l*O.761C) 95 86 
e 

5,00iP* 

5,250 

1 

2 
= Unless specifically listed above, all metals shall be measured as dissolved. 

3 
= One hour average concentration not to be exceeded more than once every three years. 

4 
= four day average concentration not to be l nceeded more than once every three years. 

c = Unless otheruioe noted, these srandards have been calculated to protect hunan health from toxic effects through drinking uater and fish consumption. 

hrough fish consumption. 

on of contaminated tissue. However, the standard 

3 

6 
= Unless otheruise noted, these standards have been calculated to protect hunan health from toxic effects 11 
= Chronic aquatic life values have been calculated to protect uildlife from harmful effects through ingest i 

7 
will also protect aquatic life from toxic effects. 

= Chronic aquatlc life standard applies to methyl mercury. 
. = Hardness as calcium carbonate mg/L CaCO, Ihe minimm hardness allow4 for use in this equation shal I not be less than 25 mg/L, as calcium carbonate, even II 

the actual Blent hardness is less the; 25 mg/L as calciun carbonate. The manimun hardness value for use in this equation shall not emceed 400 mg/t as CBICIIUI, 

carbonate, even if the actual adient hardness is greater than 400 mg/L as calcim carbonate. 
.* = IO maintain acceptable taste, odor or aesthetic quality of drinking water. 

C = Know or suspected carcinogen, 
-5 

hunan health standards are for a risk level of 10 . 
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ALUMINUM 

INTRODUCTION 

Chemical Name: Aluminum 
CAS RN: 7429905 
Molecular Formula: Al 
Molecular Weight: 26.98 

Tin-white, malleable, ductile metal, with somewhat bluish tint; capable of taking brilliant polish 
which is retained in dry air. Aluminum, as pure metal or as alloys, uses include utensils, 
aircraft, apparatus, electrical conductors. The coarse powder is used in aluminothermics; the 
fine powder as flashlight in photography, in explosives, fireworks and in aluminum paints, etc. 

FATE AND TRANSPORT 

Solubility: 
Vapor Pressure: 
Specific Gravity: 

Soluble in dilute HCl, H,SO, and alkalines 
1 mm Hg @ 1284°C 
2.702 

j.. HUMAN EFFECTS 

Aluminum is not generally regarded as in industrial poison. Inhale of finely divided aluminum 
powder has been reported as a cause of pulmonary fibrosis. May be implicated in alzheimers 
disease. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogen Classification: Group D - not classified as a carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 2.9 mgfkgfday 

NABLC/RlFS.S6 6-2 4-22-57-192071 



REFERENCES 

1. IRIS. Intemated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

3. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NAEiLC/RIFS.S6 6-3 4-22-57-192071 



ARSENIC 

INTRODUCTION 

Chemical Name: Arsenic 
CAS RN: 7440-3 8-2 
Molecular Formula: As 
Molecular Weight: 74.92 g/mole 

Arsenic (elemental) exists as a silvery to black, brittle, crystalline and amorphous metalloid. 
Arsenic is used in the production of glass, enamels, ceramics, oil, cloth, linoleum, electrical 
semiconductors, pigments, fireworks, pesticides, fungicides, veterinary pharmaceuticals and 
wood preservatives. 

FATE AND TRANSPORT 

BCF( 1): 
Solubility: 

In Water: 
In Organics: 

Vapor Pressure: 
Specific Gravity: 

Accumulates to toxic levels in food chain organisms 

Insoluble 
Unknown (5); soluble in nitric acid 
1 mm Hg @ 372°C (sublimes) 
5.727 

HUMAN HEALTH EFFECTS 

Principal toxic forms are trivalent arsenic compounds. Arsenic and its compounds may cause 

cardiac arrhythmia, anorexia, peripheral neuropathy, cirrhosis, jaundice, peripheral vascular 
disease and bladder, lung, liver, kidney, skin and colon cancer. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group A - human carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 3x1 O4 mg/kg/day 

Carcinogenic Effects 
Oral CSF( 1): 
Inhalation CSF( 1): 

1.75 (mg/kg/day)“ 
15.1 (mg/kg/day)-’ 

NABLC/RIFS.S6 6-4 4-22-57-192071 



REFERENCES 

1. IRIS. Integrated Risk Information Svstem. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Summarv Tables. Offrce of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

3. Sax, N.I. Dangerous Pronerties of Industrial Materials. Van Nostrand Reinhold 
Company, Inc. New York, New York. 1984. 

4. U.S. EPA. Suuerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NAF3LC/RIFS.S6 6-5 4-22-57-192071 



BARIUM 
INTRODUCTION 

Chemical Name: Barium 
CAS RN: 7440-39-3 
Molecular Formula: Ba 
Molecular Weight: 137.3 g/mole 

Barium is a silvery-white, slightly lustrous, somewhat malleable metal. Its uses include various 
alloys, paints, soap, paper, and rubber, and in the manufacture of ceramics and glass. Barium 
compounds also are used in diagnostic radiology. 

FATE AND TRANSPORT 

BCF( 1): 
Solubility( 1): 

In Water: 

In Organics: 
Vapor Pressure: 
Specific Gravity: 

Not Significant 

Decomposes; combines with sulfate present in natural waters to 
form BaSO,, which has a solubility of 1.6 mg/L @ 20°C 
Soluble in alcohol, insoluble in benzene 
Not Reported 
3.5 

Barium is extremely reactive, decomposes in water, and readily forms insoluble carbonate and 
sulfate salts. It is generally present in surface water and groundwater only in trace amounts. 

HUMAN HEALTH EFFECTS 

Noncarcinogenic Effects 

Soluble salts of barium, such as barium chloride and barium carbonate, are highly toxic by 
exposure via ingestion. 

The most important effect of acute barium poisoning is a strong, prolonged stimulant action 
of muscle including smooth, cardiac, and skeletal muscles. This tends to lead to a transient 
increase in blood pressure due to vasoconstriction. Effects on the hematopoietic system and 
cerebral cortex have also been reported in humans. Accidental ingestion of soluble barium 
salts has resulted in gastroenteritis, muscular paralysis and ventricular fibrillation. 

NABLChUFSS6 6-6 4-22-57-192071 . 



SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogen Classification: 
Noncarcinogenic Effects 
Oral RfD: 
Inhalation RFD(2) 

Group D - not classified as a carcinogen 

7x1 OS2 mglkglday 
1.43x1 Od mg/kg/day 

REFERENCES 

1. IRIS. Integrated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Summarv Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

4. U.S. EPA. Sunerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NAEiLC/RIFS.S6 6-l 4-22-57-19207 1 



BENZO(a)ANTHRACENE 

INTRODUCTION 

Chemical Name: Benz(a)anthracene 
CAS RN: 56553 
Molecular Formula: w& 
Molecular Weight: 228.30 

Substance comprised of colorless plates from glacial acetic acid or alcohol which sometimes 
exhibit greenish-yellow fluorescence. 

FATE AND TRANSPORT 

BCF: 
Solubility: 

Not Significant 
Insoluble in water 
Soluble in most organic solvents 

HUMAN HEALTH EFFECTS i 

Benzo(a)anthracene administration caused increase in the incidence of tumors. Although there 
are no human data that specifically link exposure of benzo(a) anthracene to human cancers, it 
is a component of mixtures that have been associated with human cancer. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group B-2 - animal carcinogen 

Carcinogenic Effects 
Oral CSF( 1): 
Inhalation CSF( 1): 

1.06 (mg/kg/day)-’ 
0.885 (mg/kg/day)-’ 

REFERENCES 

1. IRIS. Integrated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Summarv Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

NABLCRIFS.S6 6-8 4-22-57-192071 



3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

4. U.S. EPA. SuDerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NAFJLC/RrFS.S6 6-9 4-22-57-192071 



BENZO(b)FLUORANTHENE 

INTRODUCTION 

Chemical Name: Benz(e)acephenanthrylene 
CAS RN: 205992 
Molecular Formula: GoHn 
Molecular Weight: 252.32 

HUMAN HEALTH EFFECTS 

Benzo(b)fluoranthene has been shown to increase the incidence of tumors in animal studies. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group B-2 - animal carcinogen 

Carcinogenic Effects 
Oral CSF( 1): 
Inhalation CSF( 1): 

0.896 (mg/‘kg/day)“ 
0.749 (mg/kg/day)-’ 

REFERENCES 

1. IRIS. Integrated Risk Information Svstem. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Surnmarv Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

4. U.S. EPA. Sunerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NABLC/RIFS.S6 6-10 4-22-57-192071 



BENZO(k)FLUORANTHENE 

INTRODUCTON 

Chemical Name: Benzo(k) fluoranthene 
CAS RN: 207089 
Molecular Formula: Go%2 
Molecular Weight: 252.32 

HUMAN HEALTH EFFECTS 

Benzo(k)fluoranthene has been shown to increase the incidence of tumors in animal studies. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carocinogenic Classificatoin(4): Group B-2 animal carcinogen 

Carcinogenic Effects 
Oral CSF(4): 
Inhalation CSF(4) 

0.388 (mg/kg/day) 
0.325 (mg/kg/day) 

REFERENCES 

1. IRIS. Integrated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Summarv Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostraml 

Reinhold Company, Inc. New York, New York. 1987. 

4. USEPA Region III, Setting Exnosure Routes and Contaminants of Concern Bv Risk- 
Based Screenin% USEPA Region III, Philadelphia, PA, EPA/903/R093-0-01, January, 
1993. 

5. U.S. EPA. Sunerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

NABLCRIFSS6 6-11 4-22-57-192071 



BENZO(a)PYRENE 

INTRODUCTION 

Chemical Name: Benzo(a)Pyrene 
CAS RN: 50328 
Molecular Formula: WL 
Molecular Weight: 252.32 

Benzo(a)pyrene is comprised of monoclinic or orthorhombic crystals. These crystals form 
yellowish plates. 

FATE AND TRANSPORT 

BCF: Practically insoluble in water 
Soluble in benzene, toluene, tylene, alcohol, methanol 

HUMAN HEALTH EFFECTS 

Benzo(a)pyrene has been demonstrated to cause stomach tumors in mice, rats and hamsters. 
Lung cancer has been shown to be induced in humans in various mixtures containing 
benzo(a)pyrene. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group B-2 - animal carcinogen 

Carcinogenic Effects 
Oral CSF( 1): 
Inhalation CSF(2): 

7.3 0 (mg/kg/day)-’ 
6.10 (mg/kg/day)-’ 

REFERENCES 

1. IRIS. Integrated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Surnmarv Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 

NABLC/RIFS.S6 6-12 4-22-57-192071 



Reinhold Company, Inc. New York, New York. 1987. 

4. U.S. EPA. Sunerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NABLC/RIFS.S6 6-13 4-22-57-192071 



BERYLLIUM 

INTRODUCTION 

Chemical Name: Beryllium 
CAS RN: 7440417 
Molecular Formula: Be 
Molecular Weight: 9.01 g/mole 

A grayish-white metal exhibiting a local steel-like hardness in a thin film of oxide on the 
metal. Beryllium’s uses include neutron reflector and moderator in nuclear reactors. In its 
compound forms uses include radio tube parts, television tube phosphors, fluorescent tubes and 
fluorescent powders. 

FATE AND TRANSPORT 

BCF: 19 
Solubility : Soluble in acids and caustic solutions 
Specific Gravity: 1.85 

HUMAN HEALTH EFFECTS 

Alloys containing Be are dangerous. Be compounds may act locally on the skin. Exposure 
to Be compounds encountered in the extraction of the metal or its oxide from the ore, 
particularly the halide salts, has been attended, in certain individuals, by the development of 
dermatitis of an edematous and papulovesicular type, chronic skin ulcers, rhinitis, 
nasopharyngitis, epistaxis, bronchitis and in severe cases, by the development of an acute 
pneumonitis, with cough, scanty sputum, low-grade fever, rales, dyspnea and substemal pain. 
Several cases have been reported in which localized granulomatous lesions develop after 
penetrating wounds caused by splinters of glass from broken fluorescent light tubes. Several 
weeks or months following the accident, swellings were noted in the injured areas and excision 
revealed granulomatous tumors, which in one case was shown to contain beryllium. Several 
cases of beryllium granuloma have been reported in persons residing near processing plants and 
in families of Be workers. 

NABLC/RIFS.S6 6-14 4-22-57-192071 



,/I--- , SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group B2 - animal carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 5x1 OT3 mg/kg/day 

Carcinogenic Effects 
Oral CSF( 1): 4.3 (mg/kg/day)-’ 

REFERENCES 

1. IRIS. Integrated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Summary Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

4. U.S. EPA. Sunerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NABLCRIFS.S6 6-15 4-22-57-192071 



CADMIUM 

INTRODUCTION 

Chemical Name: Cadmium 
CAS RN: 7440439 
Molecular Formula: Cd 
Molecular Weight: 112.40 g/mole 

Cadmium is silver-white, blue-tinged, lustrous metal; easily cut with a knife; available in the 
form of bars, sheets or wire or a gray granular powder. Cadmium uses are: a constituent of 
easily fusible alloys; soft solder and solder for aluminum; electroplating, etc. 

FATE AND TRANSPORT 

BCF(4): 
Solubility: 

Vapor Pressure: 
Specific Gravity: 

81 
Insoluble in water 
Readily soluble in dilute NO, 
Slowly soluble in hot HCl 
1 mm Hg @ 394°C 
8.642 

HUMAN HEALTH EFFECTS 

Ingestion: (metal and sol compounds): increased salivation, choking, vomiting, abdominal pain, 
diarrhea, tenesmus. 

Inhalation: (dust or fumes): throat dryness, cough, headache, vomiting, chest pain, extreme 
restlessness and irritability, pneumonitis, possibly bronchopneumonia. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification: Group D - not classified as a carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 5x1 Oa mg/kg/day 

Carcinogenic Effects 
Inhalation CSF(1): 6.3 (mg/kg/day)-’ 

NABLC/RIFS.S6 6-16 4-22-57-192071 



REFERENCES 

1. IRIS. Integrated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993, 

2. HEAST. Health Effects Assessments Summarv Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY- 1992. 

3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

4. U.S. EPA. SuDerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NABLC/RIFS.S6 6-17 4-22-57-192071 



CHLOROFORM 

INTRODUCTION 

Chemical Name: Trichloromethane 
CAS RN: 67663 
Molecular Formula: CHCl, 
Molecular Weight: 119.37 

Colorless liquid, heavy, ethereal odor. 

FATE AND TRANSPORT 

BCF:(3) 
Solubility:(4) 

Water: 
Density: (4) 

3.75 

8.22~10~ mg/L at 20°C 
1.485 g/m3 (2OOC) 

HUMAN HEALTH EFFECTS(2) 

Chloroform causes irr of the conjunctiva. Upon inhal, it causes dilation of the pupils with 
reduced reaction to light, as well as reduced intraocular pressure (exper). The material is well 
known as an anesthetic. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification(3): Group B2 - probable human carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 1~10~~ mg/kg/day 

Carcinogenic Effects 
Oral( 1): 6.1x10” (mg/kg/day)-’ 

Carcinogenic Effects 
Inhalation CPF( 1): 8.05~10‘~ (mgkg/day)-’ 

NABLCiRFS.S6 6-18 4-22-57-192071 



REFERENCES 

1. IRIS. Integrated Risk Information System. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

3. U.S. EPA. Superfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

4. Agency for Toxic Substances and Disease Registry. Toxicological Profile for 

Chloroform. Oak Ridge National Laboratory. October 1987. 
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CHROMIUM 

INTRODUCTION 

Chemical Name: Hexavalent Chromium 
CAS RN: 7440473 
Molecular Formula: Cr+6 
Molecular Weight: 52 

Steel gray, lustrous hard metal. Chromium uses include manufacturing of chrome-steel, 
chrome-nickel-steel allows and chromeplating of metals. 

FATE AND TRANSPORT 

BCF: 16 
Solubility: Soluble in diluted HCl or H,SO, 
Specific Gravity: 7-14 

HUMAN HEALTH EFFECTS 

Chromic acid and its salts have a corrosive action on the skin and mu mem. The lesions are 
confined to the exposed parts, affecting chiefly the skin of the hands and forearms and the mu 
mem of the nasal septum. The characteristic lesion is a deep, penetrating ulcer, which, for the 
most part, does not tend to suppurate, and which is slow in healing. 

Small ulcers, about the size of a matchhead or end of a lead pencil, may be found, chiefly 
around the base of the nails, on the knuckles, dorsum of the hands and forearms. These ulcers 
tend to be clean and progress slowly. They are frequently painless, even though quite deep. 
They heal slowly and leave scars. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group B - human carcinogen by inhalation 

Noncarcinogenic Effects 
Oral RfD(l): 5x10” mg/kg/day 

Carcinogenic Effects 
Inhalation CPF( 1): 42.0 (mg/kg/day)-’ 
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COPPER 

INTRODUCTION 

Chemical Name: 
CAS RN: 
Molecular Formula: 
Molecular Weight: 

Copper 
7440508 
CU 
63.54 g/mole 

Copper exists as a reddish, lustrous, ductile, malleable metal which becomes dull when exposed 
to air. Uses of copper include brass, copper alloys, electrical conductors, copper salts, art, etc. 

FATE AND TRANSPORT 

BCF: 
Solubility: 

200 
Water soluble in salt form 
Soluble in acids and ammonia water 

Vapor Pressure: 1 mm Hg @ 1628°C 
Specific Gravity: 8.92 

HUMAN HEALTH EFFECTS 

Copper salts are strong irritants to skin and mucous membranes. Additionally, copper may 
influence the occurrence of hemochromatosis. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group D - not classified as a carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 3.71~10~~ mg/kg/day 
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l,l-DICHLOROETHENE 

INTRODUCTION 

Chemical Name: 1,l -Dichloroethene 
Synonyms(3): 1,l -Dichloroethylene, Vinylidene dichloride, 1,1-DCE 
CAS RN: 75354 
Molecular Formula: v-4Cl2 
Molecular Weight: 96.94 g/mole 

1 ,l -Dichloroethene is a colorless volatile liquid which exhibits a mild, sweet odor similar to 
chloroform. Uses of 1,1-dichloroethene include its production as an intermediate while 
producing vinylidene polymer plastics, i.e. SARAN. 

FATE AND TRANSPORT 

BCF(4): 
Solubility: 

Density: 

5.6 
Practically insoluble in water 
Soluble in organic solvents 
1.2129 

HUMAN HEALTH EFFECTS 

1,1-Dichloroethene has been classified as a probable human carcinogen. In ‘addition this 
compound is an irritant to skin and mucous membranes. Experimental animals exhibit liver 
and kidney injury following large doses of this compound. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification: Group C - probable human carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 9.00~10-~ mglkgfday 

Carcinogenic Effects 
Oral CSF( 1): 
Inhalation CSF( 1): 

0.600 (mg/kg/day)-’ 
0.175 (mg/kg/day)-’ 
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1,4-DICHLOROBENZENE 

INTRODUCTION 

Chemical Name: P-Dichlorobenzene 
CAS RN: 106467 
Molecular Formula: GWl, 
Molecular Weight: 147 

1,4-Dichlorobenzene are volatile crystals with a characteristic penetrating odor. Used largely 
for killing moths and their larvae, roaches, some other insects, peach-tree borers; for preserving 
furs, woolen cloths, rugs. 

FATE AND TRANSPORT 

BCF(4):( 1) 
Solubility:(2) 

Density:(3) 

56 
Practically insoluble in water 
Soluble in alcohol, ether, benzene, chloroform, carbon disulfide 
1.4581 at 20.5”C 

HUMAN HEALTH EFFECTS 

1,4-Dichlorobenzene has been classified as a probable human carcinogen. Continued exposure 
to this compound’s vapors for months or years may cause headache, nausea, vomiting, 
weakness, portal cirrhosis, subacute yellow atrophy of liver, cataract, pulmonary 
granulomatosis, anemia, granulocytopenia. Irritation to skin, eyes, throat also may occur. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification: Group C - probable human carcinogen 

Noncarcinogenic Effects 
Inhalation RfD(4) 2.29x1 0-l mgkglday 

Carcinogenic Effects 
Oral CSF:(5) 2.40x1 OS2 (mg/kg/day)-’ 
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INTRODUCTION 

INDEN0(1,2,3)PYRENE 

Chemical Name: Indeno( 123 -cd)pyrene 
CAS RN: 193395 
Molecular Formula: W-L 
Molecular Weight: 276.34 

HUMAN HEALTH EFFECTS 

Ideno( 1,2,3-cd)pyrene has been demonstrated to cause increased incidence of epidermoid 
carcinomas and skin tumors in animal studies. Although there are no human data that 
specifically link exposure to ideno(l,2,3-cd)pyrene to human cancers, chrysene is a component 
of mixtures that have been associated with human cancer. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group B-2 - animal carcinogen 

Carcinogenic Effects 
Oral CSF( 1): 
Inhalation CSF(2): 

2.03 (mg/kg/day)-’ 
1.70 (mg/kg/day)“ 
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LEAD 

INTRODUCTION 

Chemical Name: Lead 
CAS Number: 7439-92- 1 
Molecular Formula: Pb 
Molecular Weight: 207.19 g/mole 
Chemical Structure: Pb 

Elemental lead is a heavy, ductile, bluish-gray solid at ambient conditions. It is used widely 
in industry because of its softness, resistance to corrosion and radiation, and high density. 
Lead is also used as a paint pigment, in solder, and in storage batteries. 

FATE AND TRANSPORT 

Bioconcentration Factor 
(BCF): 
Solubility: 

49 
Lead is insoluble in water and organic solvents. It does dissolve 
in dilute nitric acid(2), and hot, concentrated sulfuric acid(3) 

Specific Gravity(2): 11.35 @ 20°C 

Lead and lead compounds can be present in air, water, and soil and are extremely persistent 
in water and soil. Metallic lead and common lead minerals are insoluble in water while 
manufactured alkyl lead compounds are water soluble. 

HUMAN HEALTH EFFECTS 

Systemic Effects 

Numerous studies have been conducted on the toxic effects of lead. The data present dose 
effect relationships and are expressed in terms of internal exposure measured in blood lead 
levels. 

Lead affects various systems of the body. The endpoints elicited at low level exposure are 
neurobehavioral impairment, growth retardation in children, and hypertension in middle-aged 
men. High exposure levels produce encephalopathy, gastrointestinal effects, anemia, 
nephropathy, and electrocardiographic abnormalities. 

Lead affects the hematopoietic system by interfering with heme biosynthesis and ferrochelatase. 
This interference results in a reduction of the hemoglobin concentration in ,blood and an 
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increase in erythrocyte (red blood cell) destruction. The combination of these two effects 
produce hypochromic, normocytic anemia with associated reticulocytosis. 

Lead exposure also affects the central nervous system. Overt neurological signs have been 
documented in adults with blood levels ranging as low as 40 to 60 pg/dl. Encephalopathy can 
occur at blood lead levels of 100 to 200 pg/dl and 80 to 100 pg/dl for adults and children, 
respectively. As indicated by these levels, children are much more sensitive to neurological 
effects of lead. Death or irreversible health effects may occur as a result of central nervous 
system impairment. 

A direct relationship has been drawn between blood lead level and children’s height, weight, 
and chest circumference. The strongest relationship was drawn with height. As the blood level 
increases, the child’s growth is retarded(4). 

Exposure to lead has significantly effected the human reproductive system. Because lead 
accumulates in the bones and is sporadically released into the blood, exposure prior to 
pregnancy may affect the fetus. Blood lead reaches the fetus by crossing through the placental 
barrier. It was observed in animals that exposure to lead by non-natural routes (e.g., 
intravenous or intraperitoneal injection) resulted in malformation of the fetus. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification(4): 
RfD (oral): 
RfC (inhalation): 
Cancer Slope Factor (oral, 
inhalation): 

Group B2 - possible human carcinogen 
Not Available 
Not Available 

Not Available 
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MANGANESE 

INTRODUCTION 

Chemical Name: Manganese 
CAS Number: 7439-96-5 
Molecular Formula: Mn 
Molecular Weight: 54.94 g/mole 

Manganese occurs as a brittle silvery metal usually in complex with other metals such as iron. 
Manganese and its compounds are used in the making of steel alloys, dry-cell batteries, 
electrical coils, and other metallic fabrication applications. Other manganese uses include use 
as an oxidizing agent and as a food additive. 

FATE AND TRANSPORT 

Solubility: 
In Water: 
In Organics: 

Decomposes to ionic forms(l) 
Readily dissolves in dilute mineral acids(4) 

Specific Gravity: 7.20(l) 

HUMAN HEALTH EFFECTS 

EPA has established an oral Reference Dose (RfD) for manganese based on central nervous 
system effects. This oral RfD is based on total dietary intake, and may not be valid if the 
intake is to occur from drinking water alone. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group D - not classified as a carcinogen 

Noncarcinogenic Effects 
Oral RfD(l): 
Inhalation RfD( 1): 

5.00~10-~~ mg/kg/day 
1.14x1 OA mg/kg/day 

REFERENCES 
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NICKEL (Soluble Compounds) 

INTRODUCTION 

Chemical Name: Nickel (soluble compounds) 
Synonyms( 1): Inorganic nickel salts 
CAS Number: 7440020 
Molecular Formula: Ni 
Molecular Weight: 58.71 g/mole 

Nickel is a silvery-white, hard, malleable and ductile metal. Among nickel’s uses are alloys, 
electrical catalyst for hydrogenation of oils, coins, magnet and electrical contacts. 

FATE AND TRANSPORT 

Density(3): 8.90 
BCF(4): 47 
Vapor Pressure(3): 1 mm Hg @ 1810°C 

HUMAN HEALTH EFFECTS(S) 

Nickel has been found to cause dermatitis while ingestion. of soluble nickel salts may cause 
nausea, vomiting, and diarrhea. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification(4): Group A - classified as human carcinogen 

Noncarcinogenic Effects 
Oral RfD(2): 2x1 O‘* mg/kg/day 
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PENTACHLOROPHENOL 

INTRODUCTION 

Chemical Name: Pentachlorophenol 
Synonyms: Pentachlorophenate, Thompson’s Wood Fix 
CAS RN: 87865 
Molecular Formula: C,HCI,O 
Molecular Weight: 266.32 

Pentachlorophenol are dark-colored flakes and sublimed needle crystals which have a pungent 
odor only when hot. Uses of this compound include preservation of wood, wood products, 
starches, dextrins, glue and algae control in herbicide formulations. 

FATE AND TRANSPORT 

Density(3): 
Vapor Pressure(3): 
Solubility: 

1.978 
40 mm Hg @ 211.2” 
Insoluble in water 
Very soluble in alcohol 
Soluble in ether and benzene 

HUMAN HEALTH EFFECTS 

Pentachlorophenol intake causes an increase then decreases respiration, blood pressure, urinary 
output, fever, increased bowel action, motor weaknesses, and collapse with and convulsions 
and death. This compound also causes lung, liver, and kidney damage. It also causes contact 
dermatitis and may be absorbed through skin. This compound becomes more toxic in organic 
compounds. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): 

Carcinogenic Effects 
Oral CSF( 1): 

Group B-2 - Probable human carcinogen with 
sufficient evidence in animals or no evidence in 
humans 

0. I20 (mg/kg/day)-’ 

NonCarcinogenic Effects 
Oral RfD(1): 3.00x 1 Om2 (mg/kg/day) 

NABLC/RIFS.S6 6-36 4-22-57-192071 



REFERENCES 

1. IRIS. Integrated Risk Information Svstem. Office of Research and Development, U.S. 
Environmental Protection Agency, Washington, D.C. 1993. 

2. HEAST. Health Effects Assessments Summarv Tables. Office of Emergency and 
Remedial Response, U.S. Environmental Protection Agency. FY-1992. 

3. Sax, N.I. and R.J. Lewis. Hazardous Chemicals Desk Reference. Van Nostrand 
Reinhold Company, Inc. New York, New York. 1987. 

4. U.S. EPA. Sunerfund Public Health Evaluation Manual, Office of Emergency and 
Remedial Response, Washington, D.C. October 1986. 

5. Stecher, P., et. al. The Merck Index. Eighth Edition, Merck & Co., Inc., Rahway, NJ. 
1968. 

NABLC/RFS.S6 6-37 4-22-57-192071 



POLYCHLORINATED BIPHENYLS 
(AROCLOR-1248, aroclor-1254, AROCLOR-1260) 

INTRODUCTION 

Chemical Name: 
CAS RN: 

Polychlorinated Biphenyls (PCBs) are chemical mixtures comprised of many isomers and 
compounds which vary from mobile oily liquids to white crystalline solids and hard 
noncrystalline resins. PCB uses vary. A major use in the past was as the dielectric in 
electrical transformer. 

FATE AND TRANSPORT 

BCF: Not significant 

HUMAN HEALTH EFFECTS 

PCBs cause chloracne. The chlorinated diphenyls have two distinct actions on the body, 
namely, a skin effect and a toxic action on the liver. The lesion produced in the liver is an 
acute yellow atrophy. The higher the chlorine content of the diphenyl compound, the more 
toxic it may be. Oxides of chlorinated diphenyls are more toxic than the unoxidized materials. 
The skin lesions known as chloracne consist of small pimples and dark pigmentation of the 
exposes areas, initially. Later, comedones and pustules develop. In persons who have suffered 
systematic intoxication, the usual signs and symptoms are nausea, vomiting, loss, of weight, 
jaundice, edema and abdominal pain. Where the liver damage has been severe the patient may 
pass into coma and die. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group B-2 - animal carcinogen 

Carcinogenic Effects 
Inhalation CSF( 1): 7.70 (mg/kg/day)-’ 
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1,1,2,2-TETRACHLOROETHANE 

INTRODUCTION 

Chemical Name: 1,1,2,2-Tetrachloroethane 
CAS RN: 79345 
Molecular Formula: VW4 
Molecular Weight: 167.84 

Heavy, colorless, mobile liquid, with a chloroform-like odor. 

FATE AND TRANSPORT 

Solubility: Very sparingly soluble in water. Soluble in some organic 
solvents. 

HUMAN HEALTH EFFECTS 

1,1,2,2-Tetrachloroethane is considered to be the most toxic of the common chlorinated 
hydrocarbons. It is an irritant to the mucous membranes of the upper respiratory tract. The 
toxic action of this compound is on the liver where it produces acute yellow atrophy and 
cirrhosis. 1 ,1,2,2-Tetrachloroethane may also have serious effects on the kidneys, heart, brain 
and central nervous system. It has been observed to increase the incidence of heptocellular 
carcinoma in mice. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification: Group C - Possible human carcinogen 
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INTRODUCTION 

Chemical Name: 
Synonyms: 

Tetrachloroethene 
1,1,2,2-Tetrachloroethylene, Fetrachoroethylene, 
Perchloroethylene, Pert, Carbon bichloride, Carbon dichloride, 
ethylene tetrachloride, Per Perchlor, Perchlorethylene, PerK 

CAS Number( 1): 127184 
Molecular Formula: w.4 
Molecular Weight: 165.83 g/mole 

Tetrachloroethene is a colorless liquid which exhibits an ethereal 
former uses included dry cleaning, degreasing metals and solvents. 

odor. This compound’s 

FATE AND TRANSPORT 

Specific Gravity: 
Vapor Pressure(3): 
Solubility: 

1.62 
14 mm Hg @ 20°C 
Soluble in water 
Miscible with ethanol, diethyl ether and oils 

BCF: 31 

HUMAN HEALTH EFFECTS 

Tetrachloroethene exposure causes irritation, lachrymation and buring of the eyes and irritation 
of the nose and throat. Exposure may cause vomiting, nausea and drowsiness. Exposures can 
result in either acute or fatal toxicity. This compound also causes dermatitis with skin 
blistering and opening of skin. Ingestion of this compound may cause irritation of the gastro 
intestinal tract resulting innausea, vomiting, diarrhea and bloody stools. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): 

Carcinogenic Effects 
Oral CSF(5): 
Inhalation CSF(5): 

Group D - not classifiable as to human 
carcinogenicity 

5.20x1 Om2 (mg/kg/day)-’ 
2.03~10” (mg/kg/day)-’ 

Noncarcinogenic Effects: 
Oral RfD(1): 1.00x1 Ow2 (mg/kg/day) 
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TRICHLOROETHENE 

INTRODUCTION 

Chemical Name: Trichloroethylene 
Synonyms: Acetylene trichloride, ethylene trichloride, trichloroethene, vestrol 
CAS Number( 1): 79016 
Molecular Formula: C,HCl, 
Molecular Weight: 13 1.40 g/mole 

Trichloroethylene is a clear colorless liquid which exhibits an ethereal, chloroform like, sweet 
odor. This compound’s uses include solvent extraction in industries, solvent for fats, coaxes, 
resins, oils, and paints; degreasing; dry cleaning and manufacture of organic chemicals and 
pharmaceuticals. 

FATE AND TRANSPORT 

Specific Gravity: 
Vapor Pressure(3): 
Solubility: 

1.465 
59 mm Hg @ 20°C 
Soluble in water 
Miscible with many common organic solvents 

BCF: 10.6 

HUMAN HEALTH EFFECTS 

Trichloroethylene is a strong skin and eye irritant. Inhaling high concentrations causes narcosis 
and anesthesia. Fatal following severe acute exposure by ventricular fibulation resulting in 
cardiac failure. Liver and other organ damage caused from chronic exposure’s suspected but 
not definitely established. 
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SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): 

Carcinogenic Effects 
Oral CSF(2): 
Inhalation CSF(5): 

Group B2 - Probable human carcinogen with 
sufficient evidence in animals or no evidence in 
humans. 

1.10x1 Om2 (mg/kg/day)“ 
6.00~10-~ (mg/kg/day)-’ 

Noncarcinogenic Effects: 
Oral RfD(5): 6.00~10” mg/kg/day 
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VANADIUM 

INTRODUCTION 

Chemical Name: Vanadium 
CAS Number( 1): 7440-62-2 
Molecular Formula( 1): V 
Molecular Weight( 1): 50.94 g/mole 

Vanadium is a bright, white, soft ductile metal. Vanadium uses include x-rays, manufacture 
of alloy steels, catalyst for sulfuric acid and synthetic rubber(l). 

FATE AND TRANSPORT 

Vanadium is capable of being transported in water systems. The extent of transport is 
dependant upon the chemical species present and by environmental factors determining its 
solubility and binding to organic materials. 

HUMAN HEALTH EFFECTS 

Vanadium has not produced carcinogenic, mutagenic, teratogenic, or reproductive effects in 
humans or animals. Gastrointestinal distress, nausea, vomiting, abdominal pain, cardiac 
palpitation, tremor, nervous depression, and kidney damage have been linked with industrial 
exposure. Oral exposure may produce gastrointestinal disturbances and a greenish-black 
discoloration of the oral mucosa and tongue. Additionally, studies suggest that the liver, 
adrenals, and bone marrow may be adversely affected by subacute exposure at high 
concentrations. 

SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group D - not classified as a carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 3x10-l mg/kg/day 
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ZINC 

INTRODUCTION 

Chemical Name: Zinc 
Synonyms( 1): Zinc dust; Zinc powder 
Trade Names( 1,2): Asarco; Blue powder; CI 77945; JASAD; PASCO 
CAS Number( 1): 7440-66-6 
Molecular Formula( 1): Zn 
Molecular Weight( 1): 65.38 g/mole 

Zinc is a shiny white metal with a bluish-gray luster. Among- zincs uses are alloys in brass, 
bronze, and die-casting alloys; galvanizing iron; as a fungicide; and as a protective coating for 
other metals. 

FATE AND TRANSPORT 

Density( 1): 
Solubility( 1): 

In Water: 
In Organics: 

7.14 

Insoluble 
Soluble in acetic acid and alkali 

Zinc has been found to reduce the serum HDL-cholesterol levels in humans following 
intermediate oral exposure. The decrease in HDL levels may increase risk of coronary artery 
disease. 

Zinc is essential to maintain one’s health. However, ingestion of high levels of zinc present 
a potential for gastrointestinal disorders in humans and animals such as pancreatic 
abnormalities and gastrointestinal irritation. Biochemical changes (increased serum amylase 
levels and hypocalcemia) were evident in humans following ingestion of a zinc chloride 
solution. Animal studies have shown adverse effects including pancreatic fibrosis and 
degeneration and necrosis of acinar cells of the pancreas. Zinc has also caused internal 
bleeding in humans and animals following ingestion of high levels. 

Hematological effects in humans and animals following high level acute, intermediate or 
chronic oral exposure to zinc and zinc compounds consist of anemia which can be exacerbated 
by gastrointestinal bleeding. These effects occur over a wide range of concentrations 
depending upon the species( 1). 

No adverse hepatic effects were reported following intermediate oral exposure to zinc in 
humans. This indicates that the liver is not a primary target organ for zinc toxicity. Hepatic 
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necrosis was reported in sheep following acute and intermediate exposure, and enzymatic 
changes were exhibited in rats exposed following intermediate exposure to zinc. 

The only renal effects observed were in laboratory animals following intermediate oral 
exposure to zinc compounds. No adverse renal effects have occurred in humans(l). 
SUMMARY OF TOXICOLOGICAL INDICES 

EPA Carcinogenic Classification( 1): Group D - not classified as a carcinogen 

Noncarcinogenic Effects 
Oral RfD(1): 3x10-l mg/kg/day 
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Memorandum to B.Stroud, USEPA Region III, dated September 19, 1994 from J. 
Dollarhide, Superfund Health Risk Technical Support Center, Oral Systemic and 
Carcinogenic Toxicity Information. 



IJNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
OFFICE OF RESEARCH AND DEVELOPMENT 

ENVIRONMENTAL CRITERIA AND ASSESSMENT OFFICE 

CINCINNATI. OHIO 45268 

MEMORANDUM 

DATE: September 19, 1994 

SUBJECT: Oral Systemic and Carcinogenic Toxicity Information for Cobalt 
(CASRN 7440-4%4), Iron (CASRN 7439~89-6), Thallium (CASRN 
7440-28-O), Dibenzofuran (CASRN 132-64-9) and 2-Methylnaphthalene 
(CASRN N/A) (USNAaval Amphibious Base/Little Creek/Norfolk, VA) 

FROM: 

TO: 

Joan S. Dollarhide 
I, j&&i IdA- 

Director 
Superfund Health Risk Technical Support Center 
Chemical Mixtures Assessment Branch 

Bob Stroud 
U.S. EPA 
Region III 

This memorandum.responds to your request for oral systemic and carcinogenic toxicity 
information for cobalt, iron, thallium, dibenzofuran and 2-methylnaphthalene for use at the 
USN Naval Amphibious Base/Little Creek. 

Attached please find the following information: 

Attachment 1 : Risk Assessment Issue Paper for: Provisional RfD for Cobalt 
(7440-48-4) 

Attachment 2: Risk Assessment Issue Paper for: Evaluation of Carcinogenicity 
of Cobalt (7740-48-4) 

Attachment 3: Risk Assessment Issue Paper for: Derivation of a Provisional 
RfD for Iron (CASRN 7439-89-6) 

Attachment 4: Risk Assessment Issue Paper for: Carcinogenicity of Iron 
(CASRN 7439-89-6) 

Attachment 5: Risk Assessment Issue Paper for: Derivation of a Provisional 
R.fD for Dibenzofuran (CASRN 132-64-9) 
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Attachment 1 

(92-12/l&18-91) 

Risk Assessment Issue Paper for: 
Provisional RfD for Cobalt (7440-48-4) 

Cobalt has been found to stimulate the production of red blood cells in humans and, 
therefore, has been used as a treatment for anemia. In 12 anemic, anephric patients 
undergoing dialysis, treatment with 0.18 mg cobalt/kg/day as cobalt chloride for 12 weeks 
resulted in a significant rise in hemoglobin (Duckham and Lee, 1976). Taylor et al. (1977) 
reported similar effects in 8 anephric patients treated with 0.16-0.32 mg cobalt&/day as 
cobalt chloride for 12-32 weeks. In both studies, hemoglobin levels returned to pre-treatment 
levels following the cessation of treatment. Similar effects were reported in nonanemic 
humans and animals (Davis and Fields, 1958; Krasovskii and Fridlyand, 1971). Reversible 
polycythemia was reported in 6 normal male subjects following treatment with 1 mg 
cobalt/kg/day as cobalt chloride for 25 days (Davis and Fields, 1958). In normal rats, 
treatment with 0.5 mg cobalt/kg/day, but not 0.05 mg/kg/day, as cobalt chloride resulted in 
polycythemia and an increase in hemoglobin (Krasovskii and Fridlyand, 1971). An increase 
in hematocrit and hemoglobin levels was not observed, however, in pregnant women treated 
with 0.5-0.6 mg cobalt/kg/day for 90 days in an attempt to alleviate the anemia often found 
during pregnancy (Holly, 1955). 

Much of the oral data in humans deals with the cardiomyopathy seen in people who 
drank large quantities of beer containing cobalt chloride (used to stabilize the foam) 
(Alexander, 1969, 1972; Morin et al., 1971). The people ingested 0.04-o. 14 mg cobalt/kg/day 
(approximately 8-30 pints of beer daiIy) over a period of years (Alexander, 1969, 1972; 
Morin et al., 1971). The cardiomyopathy in the beer-drinkers, termed “beer-cobalt 
cardiomyopathy”, was fatal to 43% of the subjects within several years, with approximately 
18% of these deaths occurring within the first several days. The beer-cobalt cardiomyopathy 
appeared to be similar to alcoholic cardiomyopathy and beriberi, but the onset of the beer- 
cobalt cardiomyopathy- was much more abrupt. The practice of adding cobalt to beer to 
stabilize the foam has been discontinued. It should be noted, however, that the . 
cardiomyopathy may have also been due to the fact that the beer-drinkers had protein-poor 
diets and may have had prior cardiac and hepatic damage from alcohol abuse. Treatment of 
both pregnant and nonpregnant anemic patients with comparable or much higher doses of 
cobalt (0.09-l mg cobalt/kg/day) did not result in effects on the heart (Duckham and Lee, 
1976; Davis and Fields, 1958; Holly, 1955; Taylor et al.; 1977): 

Cobalt has been found to be a sensitizer in humans. Individuals are sensitized 
following dermal or inhalation exposure, but flares of dermatitis may be triggered following 
cobalt ingestion. One study was located that orally challenged cobalt-exposed workers in 
order to assess sensitization (Veien et al., 1987). In this study, several patients with eczema 
of the hands were challenged orally with 1 mg cobalt (0.014 mg cobalt/kg/day as cobalt 
sulfate) in tablet form once per week for 3 weeks and 28/47 patients had a flare of dermatitis 
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An alternative approach was likewise evaluated based on the hematological effects of 
cobalt treatment (increase in hemoglobin) in anemic dialysis patients (Duckham and Lee, 
1976). The results of this study are supported by a similar study in anephric patients (Taylor 
et al., 1977). Hematological effects of cobalt were also found in studies in normal humans 
(Davis and Fields, 1958) and rats (Krasovskii and Fridlyand, 1971) indicating that the effect is 
not limited to anephric individuals. The data of Davis and Fields (1958) reported hemoglobin 
increase of 6-l 1 % over “normal” in “normal” volunteers given 0.96 mg cobalt&g/day as 
cobaltous chloride. However, the data of Duckharn and Lee (1976) describes a case of 
refractory anemia in patients with chronic renal failure that upon treatment with 0.18 mg 
cobalt/kg/day for 12 weeks responded favorably. The patients hemoglobin levels were 
increased to levels at or near low “normal” clinical levels from levels clinically described as 
anemic. The anemia recurred following cessation of treatment. Thus, this effect of cobalt 
administration in the Duckham and Lee (1976) study (and likewise that of Taylor et al., 1977) 
cannot be termed adverse, but are actually clinically beneficial to patients with renal disease. 
Consequently, these data cannot be used to derive an oral RfD. 

The only known nutritional, but vital function of cobalt is as a cofactor of vitamin 
B12. In humans, vitamin B12 is derived from bacterial synthesis and therefore, cobalt is 
essential for animal species, such as ruminants, that depend totally on their bacterial flora for 
vitamin B 

tll 
2. There is no evidence that the intake of cobalt is ever limiting in the human 

diet, and erefore no RDA is deemed necessary for cobalt (NRC, 1989). It should be noted 
that the average daily intake of cobalt in humans ranges from approximately 0.002-0.008 mg 
cobalt/kg/day in adults (0.16-0.58 mg cobalt/day + 70 kg; .Tipton et al., 1966; Schroeder et 
al., 1967) and 0.01-0.06 mg cobalt/kg/day in children (0.3-1.77 mg cobalt/day + 28 kg; NRC. 
1989; Murthy et al., 1971). Murthy et al. (1971) indicated that the children in this study 
ranged in age from 9- 12 years. Using the average weight of 28 kg for children aged 7-10 
years (NRC, 1989), the average daily intake for the children in this study ranged from O.Ol- 
0.06 mg/kg/day. If the default adult weight of 70 kg is used with the Murthy data, then the 
range of intake would be from 0.004-0.025 mg/kg/day. 

The effects of chronic occupational exposure to cobalt on the respiratory system are 
well documented. Cobalt has been found to be the etiologic agent in hard metal disease. The 
observed effects include respiratory irritation, wheezing, asthma, pneumonia and fibrosis and 
have been found to occur at exposure levels ranging from 0.003 to 0.893 mg cobalt/m3 over a 
period of 2-17 years (Davison et al., 1983; Demedts et al., 1984; Kusaka et al., 1986a,b; 
Raffn et al., 1988; Shirakawa et al., 1988; Sprince et al., 1988). 

Studies have implicated cobalt as a sensitizer in humans. Although the minimum 
exposure level associated with cobalt sensitization has not been determined, work-related 
asthma was found in hard metal workers who were occupationally exposed (for greater than 3 
years) to levels of cobalt ranging from 0.007 to 0.893 mg cobalt/m3 (Shirakawa et al., 1988). 
Given the database, the most sensitive indicators of cobalt toxicity by inhalation exposure are 
the effects on the respiratory system in both humans and animals and allergic responses in 
cobalt-sensitized individuals. 
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Attachment 2 

Risk Assessment Issue Paper for: 
Evaluation of Carcinogenicity of Cobalt (7740-48-4) 

CARCINOGENICITY 

We have reviewed available data on the potential carcinogenicity of cobalt. Cobalt has 
been the subject of a very recent Health Effects Assessment document (U.S. EPA, 1991) and 
an ATSDR (1990) document. In the HEA, stable cobalt and compounds were assigned to 
EPA group D, not classifiable as to human carcinogenic&y (U.S. EPA, 1986). The basis for 
the classification is the lack of carcinogenicity data in humans or animals by oral exposure 
and inadequate data in humans and animals by inhalation. The EPA concluded that 
epidemiological data (Morgan, 1983; Mur et al., 1987) were insufficient to determine the 
carcinogenic potential of low level occupational exposure to cobalt compounds. In addition, 
no cobalt-related carcinogenicity was observed in a chronic study with hamsters (Wehner et 
al., 1977, 1979) or in subchronic inhalations studies in rats and mice (NTP, 1990). Cobalt 
has been associated with induction of injection site tumors in subcutaneous and intramuscular 
studies (Heath, 1956; Gilman, 1962; Gilman and Ruckerbauer, 1962; Shabaan et al., 1977), 
however, extrapolation of these data for estimates of oral and inhalation cancer potency 
factors were considered inappropriate (U.S. EPA, 1991). The ATSDR document did not 
provide any additional data. The above mentioned studies have been summarized below, as 
they appear in the HEA, for your information. 

Morgan (1983) investigated the health and causes of death of 49 men occupationally 
exposed to cobalt salts and oxides in a manufacturing plant in South Wales. During the study 
period, 33 men died, 5 with lung cancer and 3 with cancer at other sites. The expected 
,number of deaths was 0.3 for lung cancer and 4.1 for all cancers based on national statistics, 
resulting in SMRs of 167 and 73, respectively. The U.S. EPA (1991) concluded that the 
scope of this study was too limited to demonstrate the carcinogenicity or noncarcinogenicity 
of occupational exposure to cobalt compounds. 

Mur et al. (1987) analyzed the mortality of a cohort of 1143 workers in a plant that 
refined and processed cobalt and sodium. An increase in deaths resulting from lung cancer 
was observed in workers (SMR of 4.66; four cases in the exposed group V.S. 1 case in the 
controls). In a study within the cohort that controlled for age and smoking habits, 44% (four 
workers) in the exposed group and 17% (three workers) in the control group died of lung 
cancer. The authors indicated that the differences were not statistically significant and that 
the workers were exposed to arsenic and nickel in addition to cobalt. The exposure levels of 
cobalt were not reported. 

Wehner et al. (1977, 1979) exposed groups of 5 1 month old male Syrian golden 
hamsters by inhalation to cobalt oxide at 0 or 10 mg/m3, 7 hours/day, 5 days/week for their 
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REVIEW OF PERTINENT LITERATURE 

While chronic iron toxicity occurs in people with genetic metabolic disorders resulting 
in excessive iron absorption, with abnormal hemoglobin synthesis, or who receive frequent 
blood transfusions (Jacobs, 1977; Bothwell et al,, 1979), there is a long-standing controversy 
as to whether a chronic overload due to oral intake is possible in individuals with a normal 
ability to control iron absorption (Hillman and Finch, 1985). Nevertheless, “the cumulative 
experience in human subjects suffering from iron overload of various etiologies strongly 
suggests that iron is noxious to tissues [when]...present in parenchymal cells...for a sufficiently 

e long period of time” (Bothwell et al., 1979). 

Looker et al. (1988) made comparisons of dietary iron intake and biochemical indices 
of iron status based on values taken from the second National Health and Nutrition 
Examination Survey (NI-IANES II) data base. NHANES II was a probability sample of the 
noninstitutionalized U.S. population aged 6 months to 74 years, conducted between 1976 and 
1980 by the National Center for Health Statistics. These data suggest that normal intake of 
iron by men 16-74 years old exceeds the RDAs, and that iron intake is somewhat lower than 
the RDA for women younger than 51 years. Concomitant with the study of dietary intake, 
the NHANES II measured the iron status of these populations. The serum ferritin levels, 
which index total body iron stores, ranged from 23.8 pg/L, for premenopausal women not 
using iron supplements, to 105.6 l&L for 45- to 64-year-old supplement users. These 
values are well within the normal range of 12-300 pg/L (Cook, 1991). (From Taber’s 
Medical Dictionm ferritin is the form in which iron is stored in the tissues, principally in the 
reticuloendothelial cells of the liver, spleen, and bone marrow. [It is] an iron-phosphorus- 
protein complex containing about 23% iron.) The percent serum transferrin saturation, a 
measure of the residual capacity of the iron transport system to process potential variations in 
iron from dietary intake or catabolized body stores, ranged from 23.9% saturation for pre- and 
post-menopausal women not using iron supplements, to 28.9% saturation for male supplement 
users in the 25- to 44- and 65- to 75-year-old groups. These values are also within the 
normal range (20-40%), establishing that the intake levels of 0.15-0.27 mg/kg-day consumed 
by these groups are both sufficient to protect against iron deficiency and insufficient to cause 
the toxic effects of iron overload (Elinder, 1986; Cook, 1991; Hillman and Finch, 1985). 
Therefore, 0.15-0.27 mg/kg-day represents a NOEL for chronic dietary iron intake. 

Hemosiderosis (or siderosis) and iron overload are increases in tissue iron or a general 
increase in iron stores without associated tissue damage.(Bothwell et al., 1979; Jacobs, 1977). 
Hemochromatosis describes massive iron overload (15 g of body iron stores or greater) 
together with cirrhosis and/or other tissue damage attributable to’iron. Although focal 
deposits of iron may occur in any part of the body where red cells are extravasated, the 
clinical syndrome of hemochromatosis typically involves damage to the hepatic parenchyma 
(particularly fibrosis), heart (cardiac dysfunction including failure) and endocrine glands 
(particularly hypogonadism). Pancreatic iron deposition is common, and massive deposits 
may be associated with fibrosis and diabetes. A number of studies involving chronic oral 
administration of iron to animals have been designed in an attempt to identify an animal 
model for hemochromatosis. Most of these studies have been negative (Bothwell et al., 1979; 
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Ethiopia reportedly has the highest per capita iron intake in the world, with an average 
daily intake of 471 mg iron/day (range 98-1418 mg/day; 1.4-20.3 mg iron/kg-day assuming 
70 kg body weight) (Roe, 1966; Hofvander, 1968). Increased stored iron in the liver and 
adverse health effects have not been observed due to low bioavailability of the iron in 
Ethiopian food. 

A recent study in Eastern Finnish men suggests that high serum ferritin concentration 
and high dietary iron intake are risk factors for myocardial infarction (Salonen et al., 1992). 
Of the 1,93 1 randomly selected men aged 42-60 years who had no history of coronary heart 
disease upon entry to the study, 51 experienced an acute myocardial infarction during the 
average 3-year follow-up. After adjusting via Cox proportional hazards model for age and 
examination year, cigarette-pack years, ischemic ECG in exercise test, oxygen uptake, systolic 
blood pressure, blood glucose, serum copper, blood leukocyte count, and concentrations of 
serum high density lipoprotein cholesterol, apolipoprotein B, and triglyceride, those having 
serum ferritin at levels > 200 ug/L (median value for healthy adult men is 69-140 pg/L) 
showed increased risk (~~0.01) of myocardial infarction compared to those with lower serum 
ferritin. Use of the same model and covariates indicated dietary iron intake was also 
significantly (~~0.05) associated with disease risk, consumption of red meat had the strongest 
correlation of all foods with serum ferritin concentration (r=O.O59). High serum low density 
lipoprotein (LDL) cholesterol concentrations (25.0 rnmK) associated with elevated serum 
ferritin was also a strong risk factor for acute myocardial infarction; this lends ‘support to the 
theory that iron overload elevates risk of acute myocardial infarction by promoting oxidation 
of LDL (Lauffer, 1991; Sullivan, 1992). 

The effects of acute oral exposure to iron in humans are well characterized, Acute 
iron toxicity has most often been observed in small children who accidentally ingested iron 
supplements, usually in the form of ferrous sulfate, but also as ferrous gluconate, ferrous 
chloride, ferric chloride or ferric ammonium citrate (Bothwell et al., 1979). The pathogenesis 
of acute oral iron toxicity consists primarily of gastrointestinal, cardiovascular, metabolic, 
neurological and hepatic alterations caused by direct corrosive action or the presence of 
unbound iron in the circulation (Bothwell et al., 1979; Banner and Tong, 1986; Engle et al., 
1987; Mann et al., 1989). Gastrointestinal toxicity is due to the direct caustic effect of iron 
on the mucosa, particularly in the stomach and small intestine, and is characterized initially by 
vomiting, diarrhea and abdominal pain. These symptoms can progress to gastric and intestinal 
hemorrhage and/or necrosis and, rarely, 4-6 weeks after ingestion, scarring that may result in 
stenosis in the stomach outlet and small intestine. Cardiovascular toxicity of iron results from 
severe hemodynarnic alterations characterized by loss of vascular integrity, decreased 
circulating plasma volume, decreased cardiac output and acidosis, leading to shock and cardiac 
failure. Neurological effects ranging from lethargy and mild obtundation to coma may occur. 
Hepatic damage, which can range from cloudy swelling of hepatocytes to necrosis, is a rare 
complication after ingestion of large quantities of iron in acute overexposure. 

Determinations of serum iron concentration and total iron binding capacity (TIBC) in 
blood 2-4 hours after ingestion may provide reliable laboratory indices of the bioavailability 
of iron resulting from an acute ingestion (Mann et al., 1989), but are impractical for 
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was no statistically significant difference (p>O.O5) in the development of any of the specific 
symptoms in any of the groups. The prevalence of symptoms generally increased with 
increasing serum iron levels, but only 20 of the patients had serum iron levels higher than the 
concentration of 350 pg/dL, generally considered toxic. Symptoms more serious than gastro- 
intestinal ones (e.g., metabolic, cardiovascular, central nervous system or hepatic effects) did 
not develop in any of the patients. The results of this study suggest that acute iron ingestions 
in the range of 20-60 mg/kg are unlikely to be serious in children. Based on this study, the 
poison center protocol was changed to home management (i.e., ipecac syrup), for iron 
ingestions of 20-60 mg/kg unless significant symptoms developed, and hospital referral for 
ingestions 60 mg/kg or greater. 

Effects of iron therapy on the upper gastrointestinal tract were evaluated in 14 healthy 
volunteers [ 13 women, 1 man; mean age 29 years (range, 24-48 years)] who were instructed 
to ingest 325 mg tablets of ferrous sulfate (65 mg iron) 3 times/day (before meals) for 2 
weeks (Laine et al., 1988). This study was performed to ascertain whether there is a basis for 
implications that iron therapy may cause false-positive fecal occult blood testing. Evaluation 
consisted of gastrointestinal symptom survey, qualitative (Hemoccult) and quantitative 
(HemoQuant; mg mercury/g stool) testing for fecal blood loss, endoscopy of the upper 
gastrointestinal tract and histological examination of pinch biopsies of the gastric body, 
antrum and duodenum. In a separate portion of the study, Hemoccult testing was performed 
on 13 other subjects [12 men, 1 woman; mean age 33 years (range 23-50 years)] who were 
similarly treated with ferrous sulfate for 1 week. All subjects served as .their own controls 
and ingested no other substances that could potentially damage the upper gastrointestinal tract 
during their participation in the study. Based on actual average ingestion of 2.5 tablets/day 
(2-week study) and 2.6 tablets/day (l-week study) and a reference human body weight of 70 
kg (U.S. EPA, 1987), the estimated doses consumed by the subjects were 2.3 and 2.4 mg 
iron/kg-day, respectively, in addition to dietary iron. All subjects had significantly increased 
(~~0.05) dark brown-black stools and symptoms of nausea and vomiting during the treatment 
period, but not abdominal pain, compared to the 2 weeks prior to treatment. The stool 
samples of all 27 subjects were Hemoccult-negative prior to iron treatment. Only 1 of 27 
stool samples was questionably trace positive after treatment. Hemoglobin levels in stool did 
not change significantly after iron treatment. Endoscopic examination showed a significant 
(p=O.O03) increase in abnormalities. in the stomach, but not duodenum, after therapy. These 
changes consisted of erythema, small areas of subepithelial hemorrhage and solitary antral 
erosions in nine, six and two subjects, respectively, and were considered only minimally 
abnormal. Linear regression analysis showed that there was a significant correlation between 
endoscopy scores and abdominal pain scores (r=O.64, p=O.Ol), but not with vomiting (~0.5, 
p=O.O7), diarrhea (~0.46, p=O.l) or nausea (~0.4, p=O.16). No treatment-related histological 
changes were observed and there was no correlation between the endoscopic ,a.nd histologic 
findings, although the investigators noted that the correlation between endoscopic findings and 
histologic changes in small mucosal pinch biopsies is “notoriously” poor. Although it was 
speculated that the changes in the stomach could represent a mild form of iron poisoning, the 
investigators concluded that the treatment caused mild endoscopic abnormalities of uncertain 
clinical significance in the stomach. Evidence for iron overload (tissue biopsies or 
hematologic iron status indices) was not examined. 
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Nonetheless, it is possible to establish a NOEL for chronic iron overload using the 
values for dietary intake and iron status indices taken from the second National Health and 
Nutrition Examination Survey (NHANES II) data base. Looker et al. (1988) made 
comparisons of dietary iron intake and biochemical indices of iron status using data from 
NHANES II. The average intakes of iron ranged from 0.15 to 0.27 mg/‘kg-day. The serum 
ferritin levels and percent serum transferrin saturation were within the normal range. Thus, 
intake levels of 0.15-0.27 mg/kg-day consumed are both sufficient to protect against iron 
deficiency and insufficient to cause the toxic effects of iron overload. 

Using the NOAEL of 0.27 (representing the upperbound value in the range of mean 
dietary iron intakes, dietary plus supplemental, taken from the NHANES II data base) and 
dividing by an uncertainty factor of 1 yields the provisional chronic oral RfD of 0.3 mg/kg- 
day. An uncertainty factor of 1 is supported by the fact that iron is an essential element. In 
addition, the information used to derive the oral RtD for iron was derived from intake data 
from over 20,000 individuals aged 6 months to 74 years and humans exert an efficient 
homeostatic control over iron such that body burdens are kept constant with variations in diet. 

Confidence in the critical study is high; the NHANES II data are derived from a very 
large sampling of the U.S. population ranging in age from 6 months to 74 years. Overall 
confidence in the data base is medium; there are insufficient data to determine what chronic 
dose level is associated with adverse effects in healthy individuals. While a point estimate 
has been derived in this risk assessment, individual variations in diet, nutritional status, 
physiology, etc. suggest that a range of values may be more appropriate. Reflecting the high 
confidence in the critical study and medium confidence in the data base, confidence in the 
RfD is medium. 

NOTE: This RfD supplies adequate levels of iron to meet the nutritional requirements of 
adults and adolescents over a lifetime. It does not supply the recommended dietary allowance 
(RDA) to those members of the population that have greater requirements for a short, less- 
than-lifetime duration such as infants, pre-adolescent children, and pregnant women. For 
shorter term requirements for these subpopulations, refer to the RDAs (NAS, 1989). 
Further, this RfD may not be protective of people with inherited disorders of iron metabolism 
and could be conservative if applied to exposure scenarios involving forms of iron with low 
bioavailability. 
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Attachment 4 
(93-24107-07-93) 

Risk Assessment Issue Paper for: 
Carcinogenicity of Iron (CASRN 7439-89-6) 

INTRODUCTION 

Review documents available for iron and compounds include a Reportable Quantity 
Document for Carcinogenesis from Iron Dextran (U.S. EPA, 1983), a Health Effects 
Assessment for Iron and Compounds (U.S. EPA, 1984), and journal articles by Stokinger 
(1984) and Stevens and Kalkwarf (1990). Iron is not listed on the NTP Chemical Status 
Report (NTP, 1993a). An NTP Results Report (NTP, 1993b) indicates a gavage study has 
been completed on iron and compounds, but the study does not meet minimum standards (as 
per telephone conversation with NTP, April, 1993). The following computer searches, 
performed in April, 1993, were screened to identify additional pertinent studies not discussed 
in review documents: TOXLME (oral and inhalation toxicity and cancer from 1983- April, 
1993), CANCERLINE (1990 : April, 1993), MEDLINE (1991 - April, 1993), TSCATS, 
RTECS, and HSDB. 

Iron is not listed on IRIS (U.S. EPA, 1994a), the CRAVE Status Report (U.S. EPA, 
1994b), Drinking Water Regulations and Health Advisories (U.S. EPA, 1993b), or Table B 
(Carcinogenicity) of the HEAST (U.S. EPA, 1993a). 

REVIEW 

Carcinogenicity to humans 

OF PERTINENT LITERATURE 

Overall, the evidence for carcinogenicity in humans due to iron exposure is inadequate. 
Studies were located in which iron overload (chronic hemochromatosis) from iron ingestion 
led to iron deposition in the Iiver, and eventually to cancer of the *liver or other organs. Use 
of these data for risk assessment, however, is compromised by concurrent use of alcohol or by 
a congenital abnormality that interfered with the normal regulation of gastrointestinal iron 
absorption. Negative correlations between iron levels in Norwegian municipal water supplies 
and cancer morbidity were considered of questionable biological significance. There have 
been several observations of malignancies in people who had previously received injections of 
iron dextran complex for iron deficiency, but causality was not established. Evidence for lung 
cancer in humans occupationally exposed to iron is inadequate due to probable concurrent 
exposure to other known or potential carcinogens. Several studies have reported an increased 
risk of cancer in individuals with high body iron stores. An association between increased 
dietary iron consumption and increased risk of cancer has not been established. Thus, these 
studies are inadequate for assessing the carcinogenic potential of iron following environmental 
exposure. 
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The term hemochromatosis describes massive iron overload (215 g of body iron stores) 
together with cirrhosis of the liver with damage to the hepatic parenchyma (particularly 
fibrosis) and other organs, including the heart, endocrine glands and pancreas. This condition 
has been observed in people with idiopathic hemochromatosis, a genetic metabolic disorder 
resulting in abnormal regulation of gastrointestinal absorption, and hence an excessive 
bioavailability of orally consumed iron (Jacobs, 1977; Bothwell et al., 1979). Liver cancer, 
usually hepatocellular carcinoma and less often cholangioma, occurs as a late complication of 
idiopathic hemochromatosis (Bothwell et al., 1979). Approximately one third of patients with 
hemochromatosis and cirrhosis develop hepatocellular carcinoma; cancer at other sites is not 
increased; and early treatment to prevent cirrhosis greatly reduces the risk of death due to 
cancer (Bonkovsky, 1991). Because it is not possible to associate the ‘prevalence of cancer 
with iron intake (even were the intake known, the anomalous absorption by these patients 
would prevent extrapolation to the general population), this phenomenon cannot be used to 
assess risk of liver cancer from oral iron exposure. 

Habitual excessive consumption of home-brewed Kaffer beer brewed in iron vessels 
led to chronic hemochromatosis among the South African Bantu population (Bothwell and 
Bradlow, 1960; Bothwell et al., 1964). The low pH (3-3.5) of the beer leached iron from the 
vessels. Bothwell et al. (1964) estimated, based primarily on drinking habits and analyses of 
beer samples, that Bantu men consumed a daily average of =50-100 mg iron/day from this 
beer. Assuming a reference body weight of 70 kg, iron intake was 0.7-l .4 mg/kg/day. 
Assimilation of the iron was facilitated by acidity, the presence of iron-complexing ligands, 
such as fructose, and the alcohol content of the beer, all of which may have contributed to the 
bioavailability of the iron (Jacobs, 1977; Finch and Monsen, 1972). Histological examinations 
of livers taken from 129 male and 18 female Bantu that died from traumatic causes revealed 
hepatic siderosis in 89% of the livers examined, with the degree of severity increasing with 
age. Histological examination of the spleen of 50 Bantu also showed siderosis and 
unspecified histological changes (Bothwell and Bradlow, 1960). In another report, the iron 
concentration of the liver was assayed. Mean hepatic iron concentrations in 85 male Bantu 
who died of carcinoma of the esophagus between 1959 and 1964 were significantly above 
(~~0.05) those of males who died of other causes (MacPhail et al., 1979). However, not all . 
of the men with esophageal carcinoma had high hepatic iron concentrations (levels were near 
normal in 13%). Since alcohol consumption has also been associated with esophageal 
carcinoma, and the source of excessive Bantu iron intake was home-brewed beer, the 
esophageal carcinoma may have been due to intake of iron, alcohol or related to other factors 
such as mahmtrition (U.S. EPA, 1984). 

IARC (1987) reviewed reports of more than 200 local malignancies in patients 
receiving iron therapy in the form of intramuscular iron dextran injections. In only one case 
was a causal relationship considered likely. IARC (1987) regarded these data as inadequate 
evidence for carcinogenicity of iron dextran in humans. The carcinogenicity of iron dextran 
has been addressed previously by U.S. EPA (1983). 

Flaten and Bolviken (1991) assayed finished drinking water from 384 Norwegian 
municipal waterworks for >15 inorganic substances, including iron, and correlated the results 
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The relationship between body iron stores and the risk of cancer was investigated in 
174,507 people having a multiphasic health checkup (Selby and Friedman, 1988). Body iron 
stores were assessed by measuring hemoglobin levels and total iron binding capacity (which is 
inversely related to body iron stores); the subjects were also questioned regarding recent iron 
use. It was assumed that iron supplements were used for the treatment of anemia. Statistical 
adjustments for age and smoking status were made. In men, no significant relationships 
between the risk for lung cancer or all cancer and recent iron use, hemoglobin levels, or total 
iron binding capacity were found. In women, significant associations between the risk of lung 
cancer and the indirect measures of body iron stores were found. For other cancers, the 
relationships were not statistically significant. Recent iron intake, anemia (hemoglobin < 12 
g/dl), and-increased total iron binding capacity were associated with lower incidences of lung 
cancer. This study does not specifically examine the risk of excessive administration of iron 
or excess body iron stores. 

Stevens et al. (1988) examined iron status (as measured by serum transferrin levels and 
total iron-binding capacity) and cancer risk using data from the 1st National Health and 
Nutrition Examination Survey (NHANES I). Total iron-binding capacity, transferrin 
saturation, and serum iron were used to assess body iron stores. After adjustments for age 
and smoking status, this survey of 8722 adults (included adults who remained alive and 
cancer-free for 4 years after blood collection) showed decreased total iron-binding capacity 
and increased incidence of transferrin-saturation level in men who had cancer (n = 242), 
compared to men who did not (n = 3 113). The relationship for women was less clear; among 
5367 women of whom 203 had cancer, no association between total iron-binding capacity and 
risk of cancer was seen. Using a statistical model which controlled for smoking and 
contained age, race, education, alcohol consumption, and body-mass index variables, an 
association was found only for women having very high transfenin saturation (2 36.7%). For 
men and women, no significant associations between cancer incidence and hemoglobin or 
dietary iron intake were found. Transferrin saturation was significantly higher in men with 
cancer of the esophagus, colon, lung, and bladder, as compared to men without cancer. Men 
with bladder cancer also had significantly lower total iron binding capacities. When the data 
were broken down by cancer site, significantly decreased hemoglobin levels were found in 
men with cancer of the ,esophagus, pancreas, and prostate, as compared to men without 
cancer. The decrease in hemoglobin levels may be due to excessive bleeding. In men with 
colon cancer, a significant increase in dietary iron was observed. This study did not control 
for confounding factors, such as fat and fiber intakes. 

Some support for a connection between increased dietary iron and colorectal cancer 
was reported by Freudenheim et al. (1990), but other factors may be equally important. 
When iron intake was adjusted for fat intake, the association between iron intake and cancer 
incidence was no longer statistically significant. Epidemiology studies by both Freudenheim 
et al. (1990) and Hoff et ,al. (1986) found an association between intake of high-fat and low- 
fiber diet with this form of cancer. Graf and Eaton (1985) found evidence in a Scandinavian 
study that phytate content (ability of fiber to chelate iron) of fiber may be an important 
etiological factor; studies in mice support this hypothesis (see Nelson et al., 1989, section on 
CARCINOGENICITY TO ANIMALS). A case-control study of patients with adenomatous or 
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is that it was concerned only with respiratory tract carcinogenesis and gave no indication that 
tissues from sites other than the respiratory tract were examined. 

Steinhoff et al. (1991) intratracheally injected Sprague-Dawley rats (50/sex/group) with 
maximum-tolerated total doses of 390 or 1530 mg/kg of 7 types of iron oxides. Doses of lo- 
40 mg/kg of Bayferrox 920 (95.8% FeOOH), Bayferrox‘ 130 (96.2% cubic cr-Fe203), 
Bayferrox 306 (93.1% cubic Fe304), Bayferrox 1352 (99.2% fibrous cr-Fe203), and AC5031 
(96.8% cz-Fe203) were administered every 14 days. The total doses at sacrifice (798 study 
days) was 1530 mg/kg. Rats received 10 mg/‘kg doses of RBW 07105/SV2 (87.9% fibrous, 
magnetic iron oxide doped with 1.85% cobalt) or Bayferrox AC5100hI (88.5% fibrous, 
magnetic iron oxide doped with 2.1% cobalt) every 14 days for 18 treatments and every 4 
weeks for the remaining 11 treatments. The total dose received during the 920 day treatment 
period was 390 mg/kg. At sacrifice, histological examination of organs of the respiratory 
tract, central nervous system, heart, and abdomen revealed only weak traces of a tumorigenic 
effect. Two squamous cell carcinomas (questionable whether primary or metastases) in 
females and 1 histiocytic sarcoma (metastasis; primary tumor unknown) in a male were noted 
in the groups receiving Bayferrox 1352. Intraperitoneal injection of similar groups of rats 
with a total dose of 600 mg/kg (200 mgikg doses at 8 week intervals) of the same iron 
oxides, followed by sacrifice after 790 or 914 days, yielded slight evidence of tumors in the 
abdominal cavity with exposure to 5 test substances. 

No respiratory tract tumors developed in 20 male or 21 female Syrian hamsters 
intratracheally injected weekly with 3 mg of ferric oxide dust in saline for 15 weeks (Saffiotti 
et al., 1968). Controls were 100 animals of each sex. The animals were observed for life, 
with more than 50% surviving at least 1 year. Survival was reduced in the females, but not 
the males; the difference was attributed to intercurrent disease. Although the focus of this 
study was on induction of respiratory tumors, tumors at other sites were also reported; 
incidences of tumors at other sites were not increased by ferric oxide treatment. It is 
uncertain whether a maximum tolerated dose was achieved. 

There have been numerous reports of injection-site tumors (e.g., sarcomas, 
histiocytomas and fibromas) in rats, mice or rabbits subcutaneously or intramuscularly 
administered some iron-carbohydrate complexes (such as iron dextran or saccharated iron 
oxide), but not others (such as iron-sorbitol-citric acid) (U.S. EPA, 1984; IARC, 1987). Both 
iron and dextran are essential for the carcinogenicity since intramuscular injections of dextran, 
iron oxide or iron sulfide alone or intrapleural administration of suspended iron are not 
tumorigenic in rats (Elinder, 1986). These studies do not necessarily indicate that iron 
dextran will be carcinogenic to humans, since as noted by IARC (1987), although iron dextran 
accumulates at an injection site in rodents, it is rapidly dispersed after injection into humans. 
The risk of carcinogenicity due to iron dextran has been addressed previously by U.S. EPA 
(1983). 

Although no animal studies have conclusively shown iron oxide to be carcinogenic, 
iron oxide particles are co-carcinogenic in the lungs when administered intratracheally with 
benzo[a]pyrene or dimethyinitrosamine to hamsters (Creasia and Nettesheim, 1974; Stokinger, 
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On the basis of inadequate evidence for carcinogenic&y in humans and animals, iron is 
classified in U.S. EPA (1986) weight-of-evidence group D: not classifiable as to human 
carcinogenicity. 

DERIVATION OF ORAL SLOPE FACTOR 

According to U.S. EPA (1986) guidelines, classification of a chemical in weight-of- 
evidence Group D precludes quantitative risk assessment. 

DERIVATION OF INHALATION UNIT RISK 

According to U.S. EPA (1986) guidelines, classification of a chemical in weight-of- 
evidence Group D precludes quantitative risk assessment. 
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Attachment 5 

(93-21/4-12-93) 

Risk Assessment Issue Paper for: 
Derivation of a Provisional RfD for 

Dihenzofuran (CASFW 132-64-9) 

We have confirmed that no RfD values are listed for unsubstituted dibenzofuran in 
IRIS (U.S. EPA, 1994a), the HEAST (U.S. EPA, 1994b), or the RfD Work Group Status 
Report (U.S. EPA, 1994c). A RQ document (U.S. EPA, 1989a) and a HEA document (U.S. 
EPA, 1987) were retrieved, but neither document derived an oral RfD. Unsubstituted 
dibenzofuran is not listed in the Drinking Water Regulations and Health Advisories list (U.S. 
EPA, 1994d). Also, unsubstituted dibenzofuran has not been selected for toxicology studies 
by NTP (NTP, 1993a,b). Literature searches of TOXLINE (1981-1993, oral RfD strategy), 
MEDLME (1988-1993, CAS No. strategy), RTECS, HSDB and TSCATS were performed 
and screened in March 1993. 

As reviewed in the RQ document, the only long-term toxicity data for unsubstituted 
dibenzofuran is a 200-day subchronic oral feeding study by Thomas et al. (1940). There are 
no pertinent chronic, carcinogenicity, or reproductive data on tmsubstituted dibenzofuran. 
Unsubstituted dibenzofuran was not found to be mutagenic in reverse mutation assays, and a 
2-year bioassay of a structurally related compound (dibenzo-p-dioxin) did not result in 
treatment-related increases in tumor incidence. A more extensive toxicity data base exists for 
the polychlorinated and polybrominated dibenzofurans (PCDFs and PBDFs). However, as 
noted by the Agency (U.S. EPA, 1986a), the biological activity of various halogenated 
dibenzofurans varies greatly, so that risk assessment by analogy to any of these more widely 
studied compounds would not be recommended. 

In the 200-day subchronic unsubstituted dibenzofuran oral study by Thomas et al., 
groups of five female rats (strain not specified) were fed diets containing unsubstituted 
dibenzofuran at concentrations of 0, 0.025, 0.050, 0.100, 0.200, 0.400, or 0.800%. All . 
unsubstituted dibenzofuran concentrations resulted in a decrease* in absolute organ weights and 
a decrease in body length (but not in body weight). A corresponding decrease in body weight 
did not occur along with the decrease in body length because treated rats had an unusually 
large amount of abdominal fat. Concentrations of 0.050% and above resulted in kidney 
abnormalities with an accumulation of brown granules in the epithelial cells. Slight 
hyperplasia of the Malpighian bodies in the spleen, as well as irregular dilation of the 
collecting tubules in the kidneys were observed at concentrations of 0.400% and above. 
Based upon a reference body weight of 0.350 kg and a food factor of 0.05 for rats (U.S. 
EPA, 1986b), concentrations of 0.025%, 0.050% and 0.400% correspond to dosages of 12.5, 
25 and 200 mg/kg/day. The dose level of 25 mg/kg/day represents a LOAEL based on 
kidney effects; 12.5 mg/kg/day is the NOAEL. 

Using this study, a provisional oral RfD can be calculated as follows: 
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Due to the limited toxicity data base for unsubstituted dibenzofuran, confidence in the 
provisional oral RID would be low. 

Please note that this provisiona RfD is for unsubstituted dibenzofuran only, not 
chlorinated dibenzofurans. To estimate risks posed by chlorinated dibenzofurans, one should 
use the toxic equivalency factor approach described in U.S. EPA (1989b). 
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. . . 

Attachment 6 
(93-30/07-30-93) 

Risk Assessment Issue Paper for: 
Feasibility of RfD Derivation for 2-Methylnaphthalene 

(CASRN 91-57-6) ’ 

INTRODUCTION 

The TOXLINE (198 l-1991) and TSCATS data bases were examined in October 1991 
to identify literature regarding health effects associated with exposure to 2-methylnaphthalene 
and 1-methylnaphthalene (as a possible surrogate). Update searches of TOXLINE (1991- 
1993, CAS number and chemical names strategy, all cites), CANCERLINE (1963-1993, CAS 
number and chemical names strategy, all cites), TSCATS, RTECS, and HSDB were 
performed and screened in April 1993. 

In addition to the literature searches, IRIS (U.S. EPA, 1994a), the RfD/RfC Monthly 
Status Report (U.S. EPA, 1994b), the Drinking Water Regulations and Health Advisories list 
(U.S. EPA, 1994c), the HEAST (U.S. EPA, 1994d), the NTP Chemical Status Reports (NTP, 
1993a;b) and the OHEA CARA lists (U.S. EPA, 1991, 1993), were used to identify sources 
of additional information. The ATSDR (1990) Toxicological Profile for Naphthalene and 
2-Methylnaphthalene and a report by Buckpitt and Franklin (1989) were also reviewed for 
pertinent literature. 

The U.S. EPA (1994a) has not derived an RfD for 2-methylnaphthalene, nor is this 
chemical under consideration by the RfD/RfC Work Group (U.S. EPA, 1994b) or listed on 
the HEAST (U.S. EPA, 1994d). ATSDR (1990) has not derived MRL values. 

REVIEW OF PERTINENT LITERATURE 

Data were not located regarding effects in humans or animals following inhalation or 
oral exposure to 2-methylnaphthalene (or l-methylnaphthalene). Information regarding the 
health effects of 2-methylnaphthalene is restricted to examinations of cell damage in the 
bronchiolar epithelium of mice (Griffin et al., 1981; Rasmussen et al., 1986; Buckpitt and 
Franklin, 1989; Honda et al., 1990) and rats (Dinsdale and Verschoyle, 1987) given 
intraperitoneal injections of 2-methylnaphthalene, and to studies of mononucleated giant cell 
formation and proteinosis in pulmonary alveoli of mice dermally exposed over a period of 30 
weeks to a mixture of l- and 2-methylnaphthalene (Murata et al., 1992). 

Because no data on 2-methylnaphthalene that are suitable for derivation of the 
requested provisional oral RfD were located, use of the toxicity data for naphthalene as a 
surrogate for 2-methylnaphthalene have been considered. Intraperitoneal injections of either 
naphthalene, I-methylnaphthalene or 2-methylnaphthalene caused cell damage in the 
bronchiolar epithelium of mice (Rasmussen et al., 1986). Naphthalene and 
2-methylnaphthalene were about equally toxic, but changes associated with l- 
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Oral and inhalation toxicity data for 2-methylnaphthalene are lacking, precluding 
derivation of a provisional oral RfD for 2-methylnaphthalene. The use of toxicity data for 
naphthalene as a surrogate for 2-methylnaphthalene was considered, but the uncertainties in 
such an approach appear to be too great to warrant its adoption. 
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Attachment 7 

Risk Assessment Issue Paper for 
Carcinogenic@ of 2-Methylnaphthalene 

(CASRN 91-57-6) 

(93-30/07-30-93) 

INTRODUCTION 

The TOXLINE (1981-1991) and TSCATS data bases were examined in October 1991 
to identify literature regarding health effects associated with exposure to 2-methylnaphthalene 
and I-methylnaphthalene (as a possible surrogate). Update searches of TOXLINE (1991- 
1993, CAS number and chemical names strategy, all cites), CANCERLINE (1963-1993, CAS 
number and chemical name strategy, all cites), TSCATS, RTECS, and HSDB were performed 
and screened in April 1993. 

In addition to the literature searches, IRIS (U.S. EPA, 1994a), the RfD/RfC and 
CRAVE Monthly Status Report (U.S. EPA, 1994b), the Drinking Water Regulations and 
Health Advisories list (U.S. EPA, 1994c), the HEAST (U.S. EPA, 19944), the NTP Chemical 
Status Reports (NTP, 1993a,b) and the OHEA CAR4 lists (U.S. EPA, 1991, 1993), were used 
to identify sources of additional information. The ATSDR (1990) Toxicological Profile on 
Naphthalene and 2-Methylnaphthalene and a paper by Buckpitt and Franklin (1989) were also 
reviewed for pertinent literature. 

The U.S. EPA (1994a) has not derived an oral slope factor or inhalation unit risk for 
2-methylnaphthalene, nor is this chemical under consideration by the CRAVE Work Group 
(U.S. EPA, 1994b) or listed on the HEAST (U.S. EPA, 1994d). 

REVIEW OF PERTINENT LITERATURE 

Data were not located regarding carcinogenicity in humans or animals following 
inhalation or oral exposure to 2-methylnaphthalene (or l-methylnaphthalene). 

Cancer data in mice exposed to naphthalene are available, and use of these data for 
naphthalene as a surrogate for 2-methylnaphthalene was considered. An inhalation toxicity 
and carcinogenicity bioassay in mice exposed to naphthalene (NTP, 1992) found increased 
incidences of pulmonary alveolar and bronchiolar adenomas in females but not in males. 
Treatment-related minimal to mild nonneoplastic lesions were also observed in the nose 
(chronic inflammation, metaplasia of the nasal epithelium and hyperplasia of the respiratory 
epithelium) and lungs (inflammation, alveolar epithelial hyperplasia and occasional occurrence 
of multinucleated giant cells). Similarly, pulmonary alveolar epidermal hyperplasia and 
proteinosis occurred in female mice treated dermally with a mixture of l- and 
2-methylnaphthalene for 30 weeks (Murata et al., 1992). Tumorigenesis was neither studied 
nor reported in this study; the exposure duration was insufficient to evaluate potential 
carcinogenicity. 
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Hermann, 1981; NTP, 1993b). In vitro exposure of human lymphocytes to metabolically 
activated 2-methylnaphthalene increased the incidence of chromosome aberrations and sister 
chromatid exchanges, but the increases, while statistically significant, were judged to be 
biologically nonsignificant by the investigators (Kulka et al., 1988). 

WEIGHT OF EVIDENCE CLASSIFICATION 

Data regarding the carcinogenic potential of 2-methylnaphthalene in humans or animals 
were not located. The uncertainties in using naphthalene cancer data as surrogate for 
2-methylnaphthalene appear too great to warrant use of this approach. On the basis of 
inadequate evidence for carcinogenicity in humans and animals, 2-methylnaphthalene is 
classified in U.S. EPA (1986) weight-of-evidence group D: not classifiable as to human 
carcinogenicity. 

DERIVATION OF ORAL SLOPE FACTOR AND INHALATION UNIT RISK 

According to U.S. EPA (1986) guidelines, classification of a chemical in weight-of- 
evidence Group D precludes quantitative risk assessment. 
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APPENDIX N 

Chemicals of Concern. 



SITE - 7 



Constituent 

VOLATILES 
Methylene chloride 
Acetone 

SEMI-VOLATILES 
P-Methyl naphthalene 
Fkmrene 
Phensnthrene 
Anthracene 
Fluoranthene 

Pyr- 
Butylbenzyi phthalate 
Beruo (a) anthracene 
Chrysene 
Bis (2) ethylhexphthalate 
Benzo (b) fluoranthene 
Beruo (k) fluoranthene 
Benz0 (a) pyrene 
lndeno (1,2,3-cd)pyrene 
Beruo (g,h,i) perylene 

‘CBS & PESTICIDES 
4,4’-DDT 
Alpha-chlordane 
Aroclor- 1260 

CONSTB-LJENTS DETECTED IN SURFACE SOIL SAMPLES 
SITE 7 

NAVALAMPHIBIOUS BASE - LDTLECREEK 
VIRGINIA BEACH, VIRGINIA 

Frequency 
of Detection 

Range of Detected 
Concentrations 

o&g) 

6j 850E+03 NO 
11 - 12 7.80E+05 NO 

11 8 62 j 

11 8 60 j 
41 a 39 - 830 
21 8 51 - 220 j 

41 8 46 - 1300 
61 8 52 - 1600 
11 8 5aj 

21 8 110 - 710 
21 8 82 - 390 
81 8 47 - 19Oj 

21 8 loo - 510 
11 8 380 

21 8 57 - 450 
11 8 230 j 
iI 8 210j 

11 8 3.8j . 

11 8 5.1 j 
31 6 130 - 3500 i 

NO 
3.1 OE+OS NO 

YES 
2.30E+O6 NO 
3.1 OE+05 NO 
2.30E+05 NO 
1.60E+06 NO 
8.80E+02 NO 
8.80E+04 NO 
4.60E+03 NO 
8.80E+02 NO 
8.80E+03 NO 
8.80E+Ol YES 
8.80E+02 NO 

NO 

a. Residential Soil Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 
Concentration Table using a target hazard quotient of 0.1 and a target cancer risk of 1 e-06. 



INORGANICS 
Aluminum 
Arsenic 
Barium 
Beryllium [b] 
Cadmium 
Calcium 
Chromium 
Cold [b] 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

CONSTTIUENTS DETECTED IN SURFACE SOIL SAMPLES 
SITE 7 

NAVALAMPHIBIOUS BASE - LllTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Frequency 
of Detection 

Range of Detected Residential Soil 
Concentrations Concentration Potential 

@g/kg) (ug/kg) [al Concern 

2200000 
860 b 

8800 b 
230 b 
650 b 

162000 
4600 
5900 b 
4500 

3040000 
5500 

251000 
18100 

3400 
236000 
227000 b 

7400 b 
12600 

6240000 
3506 

93900 
650 b 

1400 
2450000 

26500 
6100 b 

- 78200 j 
- 1 E+O7 j 

630000 j 
3210000 

470000 j 
70 

18000 
2970000 b 

262000 
202000 
405000 

2.3OE+O7 YES 
3.7OE+O2 YES 
5.5OE+O5 YES 
1.50E+O2 YES 
3.90E+O4 YES 

NO 
3.90E+04 YES 
4.7OE+O5 YES 
2.90E+05 YES 

YES 
YES * 
NO 

3.9OE+O4 YES 
2.3OE+O3 NO 
1,6OE+O5 YES 

NO 
NO 

5.5OE+O4 YES 
2.3OE+06 YES 

Notes: 
a. Residential Soil Concentration values obtained from July ii,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum where it is obtained from the January ii,1994 RBC Table 
using a target hazard quotient of 0.1 and a target cancer risk of le-06. 

* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBQ Model. 
b. Constituent concentration is five times greater than the maximum detected in blank (b). 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARClNOGENlC 

AND CARCiNOGENlC RISKFROM INGESTlON OF SUAACE SolL 

SITE 7 

CURRENT SCENARIO 

SolL - INGESTION 

TRESPASSER CHILD 

CHENCAL 

CS It3 FI EF ED CF SW ATnc 

wlkg mgld W Y  kglmg kg d 

ATc CDtllC clnc RtD CSF HI CR % CONTRIB % CONTRIS 
d mglkgld mglkgld mglkgld (mg/kg/d)-I NC WSK CARC RISK 

Phenanthrene 

Benz0 (a)-pyrene 

Aroclor- 1260 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Nickel 

Vanadium 

Zinc 

&TOE-01 

4.50E-01 

350E+OO 

624E+03 

35OE+OO 

9.39E+Oi 

65OE-01 

i4OE+OO 

265E+Ol 

6,10E+C6 

7.62E+Oi 

1 .OOE+04 

4.70E+OZ 

1 BOE+Ol 

2,02E+OZ 

4.05E+02 

200 

200 

200 

200 

200 

2cFl 

200 

209 

2co 

200 

200 

200 

200 

200 

200 

200 

1 14 6 lE-06 

1 14 6 lE-06 

1 14 6 iE-06 

1 14 6 lE-06 

1 14 0 IE-06 

1 14 6 lE-06 

1 14 6 IE-06 

1 14 6 lE-06 

I 14 6 IE-06 

1 14 6 IE-06 

1 14 6 lE-06 

1 14 6 lE-06 

1 14 6 iE-06 

1 14 6 IE-06 

1 14 6 IE-06 

1 14 6 lE-06 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

2190 25550 4.24E-07 

2190 25550 2.30E-07 

2190 25550 1.79E-06 

2190 25550 3.19E-03 

2190 25550 1.79E-06 

2196 25550 4.60E-05 

2190 25550 3.32E-07 

2190 25559 7.16E-07 

2190 25550 i.36E-05 

2190 25550 3.12E-06 

2190 25550 4.OOE-05 

2199 25550 S.llE-03 

2190 25550 2.4OE-04 

2199 25550 9.21E-06 

2i90 25550 1.03E-04 

2190 25550 2.07E-04 

364E-06 29OE-02 -- 

l.Q7E-08 -- 7.30EfOO 

1.53E-07 -- 7.70E+CO 

2.74E-04 29OE+O6 -- 

i.53E-07 3.00E-04 i.75E+OO 

4.12E-06 7.00E-02 -- 

2.85E-06 5.t?OE-03 4.30E+OO 

6.14E-06 5.OOE-04 -- 

i.l6E-06 5.OOE-03 -- 

2.67E-07 6.00E-02 -- 

3.43E-06 3.7lE-02 -- 

4.38E-04 3.OOE-01 -- 

2.06E-05 5.OOE-03 -- 

7.69E-07 Z.OOE-02 -- 

8.65E-06 7.CKtE-03 -- 

1.78E-05 3.00E-01 -- 

l&E-05 

l.iOE-03 

5.97E-03 

666E-04 

665E-05 

1.43E-03 

2.71E-03 
5.20E-05 

l.OBE-03 

1.70E-02 

4.8lE-02 

4.6o.E-04 

1.45E-02 

6.9OE-04 

-- 0.02% 0.00% 

1.44E-07 0.00% 6.39% 

l.lFtE-06 0.00% 65.63% 

-- 1.17% 0.00% 

2.65E-07 6.34% 15.64% 

-- 0.73% 0.00% 

1.23E-07 0.07% 7.14% 

-- 1.52% 0.00% 

-- 2.88% 0.00% 

-- 0.06% 0.00% 

-- 1.15% 0.00% 

-- 16.11% 0.00% 

-- 51.07% 0.00% 

-- 0.49% 0.00% 

-- 15.66% 0.00% 

-- 0.73% 0.00% 

TOTAL 9.4lE-02 1.72E-06 10060% 1 co.OO% 



SUMMARY OF CHAOMC DAlLY INTAKE (CD)) AND POTENllAL NONCARClNOGEMC 

AND CARCINCGENIC RISKFROM INGESTION OF SUAACE SolL 

SITE 7 

CURRENT SCENARIO 

SolL - INGESllON 

TRESPASSER ADULT 

CHEMCAL 
CS 

mslkg 

IR FI EF ED CF BW ATnc ATc CDinc CDIC WD CSF HI CR % CONTRIB % CONTRIB 

mQ/d d/y Y kglmg kg d d mglkgld mQ/kQ/d mgikgld (mglkgld) - 1 NC RISK CAFtC RISK 

Phenanthrene 
Benz0 (a)-pyrene 

Aroclor- 1269 
Aluminum 

Arsenic 

Barium 
Beryllium 

Cadmium 

Chromium 
Cobalt 

Copper 
Iron 

Manganese 
Nickel 

Vanadium 

Zinc 

630E-01 

4.50E-01 

350E+OQ 
624E+03 

350E+QO 

9.3QE+Oi 
650E-01 

14OE+OO 
2.65E+Oi 

6lOE+@J 

762E+Ol 
l.OOE+04 
4.70E+02 

160E+01 

2.02E+O2 

4.05E+02 

100 

100 

100 
100 

106 

100 
100 

100 
100 

100 
100 

100 
100 

100 

100 
109 

I 26 30 lE-06 

1 26 30 lE-06 

1 28 30 iE-06 
1 28 30 IE-06 

1 28 30 IE-06 

1 26 30 lE-06 
1 28 30 iE-06 

1 26 30 lE-06 
1 26 30 iE-06 

1 26 30 IE-06 

1 28 30 iE-06 

1 28 30 IE-06 
1 28 30 lE-06 

1 26 30 1E-06 

1 26 30 iE-06 
1 28 30 iE-06 

70 

70 

70 
70 

70 

70 
70 

70 
70 

70 
70 

70 
70 

70 
70 

70 

10950 

10950 
10950 

10950 

10950 
10950 

10950 
10950 

10950 

10950 
10950 
10950 

10950 

10950 
10950 

25550 Q.lOE-06 

25550 4.93E-08 

25550 3.84E-07 

25550 664E-04 

25550 3.84E-07 

25550 l.O3E-05 

25550 7.12E-06 
25550 lS3E-07 
25559 2.90E-06 

25550 666E-07 
25550 657E-06 

25550 l.iOE-03 
25550 5.15E-05 

25550 l.Q7E-06 

25550 2.21E-05 
25550 4.44E-05 

3.93E-06 2Q9E-02 -- 3.14E-06 -- 0.02% 
2.llE-08 -- 7.30E+OO -- 1.54E-07 0.00% 
164E-07 -- 7.70E+QO -- 1.27E-06 0.00% 
293E-04 2.90E+OO -- 2.36E-04 -- 1.17% 
l.&IE-07 3.00E-04 1,75E+OO 1.28E-03 2.66E-07 6.34% 
4.41E-06 7.OOE-02 -- 1.47E-04 -- 0.73% 
3.05E-06 5.OOE-03 4.30E+OO 1.42E-05 1.31E-07 0.07% 
6.56E-0.3 5.OOE-04 -- 3.07E-04 -- 1.52% 

1.24E-06 5.9OE-03 -- 561E-04 -- 2.66% 
266E-07 6.09E-02 -- i.llE-05 -- 0.06% 

3.67E-06 3.7lE-02 -- 2.31 E-04 -- 1.15% 
4.70E-04 3.00E-01 -- 3.65E-03 -- 16.11% 
2.21E-05 5.OOE-03 -- l.O3E-02 -- 51.07% 
8.45E-07 2.00E-02 -- 9.66&05 -- 0.49% 
9.49E-06 7.00E-03 - - 3.16E-03 -- i 5.63% 

lQOE-05 300E-01 -- l/ME-04 -- 0.73% 

0.00% 

6.39% 

66.63% 
0.00% 

15.64% 
0.00% 

7.14% 

0.00% 
0.00% 

0.00% 
0.00% 
0.00% 

0.00% 

0.00% 
0.00% 

0.00% 

TOTAL 2.02E-M 1.84E-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllALNONCARClNOGENlC 

AND CARCINOGENIC RISKFROM INGESTlON OF SURACE SOIL 

SITE 7 

CURRENT SCENARIO 

SCHL - INGESTION 

WORKER ADULT 

CHEMCAL 

cs 
msllcg 

IR FI EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 
mgld dh’ Y  kglmg kg d d mglkgld mg/kgld mglkgld Ow3kgld)-~ NC RISK CARC RISK 

Phenanthrene 

Benz0 (a)-pyrene 

Aroclor- 1260 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Nickel 

Vanadium 

Zinc 

8.3OE-01 50 1 250 

4.50E-01 50 1 250 

3.50E+OO 50 1 250 

624E+03 50 1 250 

3.50E+OU 50 1 250 

939E+Ol 50 1 250 

6.50E-01 50 1 250 

1 ME+00 50 1 250 

2.65E+Ol 50 1 250 

6.iOE+W 50 1 250 

7.82E+01 50 1 250 

1.00E+04 50 1 250 

4.70E+02 50 1 250 

1.80E+oi 50 1 250 

2.02E+02 50 1 250 

4.05E+02 50 1 250 

25 1E-06 

25 IE-06 

25 lE-06 

25 IE-06 

25 IE-06 

25 IE-06 

25 lE-06 

25 lE-06 

25 iE-06 

25 lE-06 

25 lE-06 

25 IE-06 

25 IE-06 

25 lE-06 

25 iE-06 

25 iE-06 

70 9125 25550 4.06E-07 

70 9125 25550 2.20E-07 

70 9125 25550 1.71E-06 

70 9125 25550 3.05E-03 

70 9125 25550 1.71E-06 

70 9125 25550 4.59E-05 

70 9125 25550 3.16E-07 

70 9125 25550 . 6.85E-07 

70 9125 25550 1.30E-05 

70 9125 25550 2.98E-06 

70 9125 25550 3.83E-05 

70 9125 25550 4.89E-03 

70 9125 25550 2.30E-04 

70 9125 25550 8.81E-06 

70 9125 25550 9.88E-05 

70 9125 25550 l.Q8E-04 

1.45E-07 

7.86E-08 -- 

6.12E-07 -- 

l.OQE-03 

6.12E-07 

1 ME-05 

l.l4E-07 

2.45E-07 

4.63E-06 

l.O7E-06 

i.37E-05 

1.75E-03 

8.21E-05 

3.15E-06 

3.53E-05 

7.08E-05 

2.90E-02 -- 

7.30E+OO 

7.70EfCQ 

2.90E+00 -- 

3.OOE-04 1.75E+OO 

7.OOE-02 -- 

5.OOE-03 4.30E+OO 

5.00E-04 - - 

5.OOE-03 -- 

6.IXJE-02 -- 

3.71E-02 -- 

3.00E-01 -- 

5.00E-03 -- 

2.00E-02 -- 

7.GOE-03 -- 

3.OOE-Ol-- 

1.4OE-05 

l.O5E-03 

5.7iE-03 

6,56E-04 

6.36E-05 

1.37E-03 

2.59E-03 

4.97E-05 

l.O3E-03 

1.63E-02 

4.60E-02 

4.4OE-04 

1.41E-02 

6.6oE-04 

-- 0.02% 

5.74E-07 0.00% 

4.71E-06 0.00% 

-- 1.17% 

l.O7E-06 6.34% 

-- 0.73% 

4.88E-07 0.07% 

-- 1.52% 

-- 2.08% 

-- 0.06% 

-- 1.15% 

-- 18.11% 

-- 51.07% 

-- 0.49% 

-- 15.68% 
-- 0.73% 

0.00% 

8.39% 

68.03% 

0.00% 

15.64% 

0.00% 

7.14% 

0.00% 

0.00% 

0.00% 

0.03% 

0.00% 

0.00% 

0.00% 

0.00% 

O.W% 

TOTAL Q.OlE-02 6.84E-06 100.00% 100.00% 



SUMMARY ff CHF3ONlC DAlLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CARClNOGENlC RlSK FROM DERMAL CONTACT WITH SURACE SOIL 
SITE 7 

CURRENT SCENAJUO 

SOlL - DERMAL 
TRESPASSER CHILD 

CHEMICAL 

CS SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC RIO CSF HI CR % CONTRIB % CONTRIB 

mglkg cmA2 mg/cm^2 dly Y  kglmg kg d d mgikgld mglkgld mgikgld (mg/kg/d)- 1 NC RISK CARC RISK 

Phenanthrene 

Benzo (a)-pyrene 

Aroclor- 1260 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

fron 

Manganese 

Nickel 

Vanadium 

Zinc 

MOE-01 

4.50E-01 

3.5OE+CO 

6.24E+03 

3.50E+OO 

9.39E+Ol 

6.50E-01 

l/lOE+OO 

265E+Ol 

6.10E+M) 

7.62E+Oi 

l.OOEfO4 

4.70E+02 

l.BOE+Ol 

2.02E+02 

4.05E+02 

1820 

1620 

1820 

1820 

1620 

1620 

1820 

1820 

1820 

1820 

1620 

1820 

1820 

1820 

1820 

1820 

1 0.01 14 6 IE-06 

1 0.01 14 6 lE-06 

1 0.06 14 6 lE-06 

1 0.001 14 6 IE-06 

1 0.001 14 6 lE-06 

1 0.001 14 6 lE-06 

1 0.001 14 6 iE-06 

1 0.001 14 6 IE-06 

1 0.001 14 6 lE-06 

1 0.001 14 6 lE-06 

1 0.001 14 6 iE-06 

1 0.001 14 6 IE-06 

1 0.001 14 6 lE-06 

1 0.001 14 6 1E-06 

1 0.001 14 6 lE-06 

1 0.001 14 6 lE-06 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

3.%6E-06 

2.oQE-06 

9.77E-07 

2.QOE-05 

1.63E-08 

4.37E-07 

3.03E-09 

6.52E-09 

1.23E-07 

2.64E-08 

3.64E-07 

4.65E-05 

2.19E-06 

6.38E-08 

9.4OE-07 

1.66E-06 

3.31E-09 2.90E-02 - - 

l.eOE-09 -- 7.30E+OO 

6.36E-06 -- 7.70E+Oil 

2.49E-06 2.QOE+OO - - 

1.4OE-09 3.OUE-04 1.75E+OO 

3.75E-06 7.COE-02 -- 

2.59E-10 5.00E-03 4.30E+M) 

5.56E-10 5.OOE-04 -- 

l.O6E-08 5.00E-03 -- 

2.43E-09 6.OQE-02 -- 

3.12E-06 3.71 E-02 -- 
3.99E-06 3.00E-01 -- 

1.67E-07 5.OOE-03 -- 

7. i8E-09 2.OOE-02 -- 

8.06E-06 7.OOE-03 -- 

IXZE-07 3.00E-01 -- 

1.33E-06 

-- 
l.OOE-05 

5.43E-05 

6.24E-06 

6,05E-07 

1.30E-05 

2.47E-05 

4.73E-07 

Q.tME-06 

1.55E-04 

4.37E-04 

4.19E-06 

1.34E-04 

6.26E-06 

0.16% 0.00% 

1.31E-06 0.00% 1.98% 
6.45E-07 0.00% 97.46% 

1.17% 0.00% 

2.44E-OQ 6.33% 0.37% 

0.73% 0.00% 

l.llE-09 0.07% 0.17% 

1.52% 0.00% 

2.88% 0.00% 
0.06% 0.00% 

1.14% 0.00% 

16.08% 0.00% 

5t.O0% 0.00% 

0.49% 0.00% 

15.66% 0.00%. 

0.73% 0.00% 

TOTAL 6.56E-04 6.62E-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SWACE SOIL 

SITE 7 

CURRENT SCENARIO 

SolL - DEfWAL 

TRESPASSER ADULT 

CHEMCAL 

cs SA AF ASS EF ED CF SW ATnc ATc CDlrlC CDIC Rfll CSF HI CR % CONTWS % CONTRIS 

msks cmA2 mglcm-2 diY Y kglmg kg d d mglkgld mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK 

Phenanthrene &30E-01 5600 1 0.01 26 30 lE-06 70 

Benz0 (a)-pyrene 4.50E-01 5600 1 0.01 26 30 lE-06 70 

Aroclor- 1260 3SOE+OO 5600 1 0.06 26 30 IE-06 70 
Aluminum 624E+03 5600 1 0.001 28 30 lE-06 70 

Arsenic 3.5OE+OO 5600 1 O.M)l 20 30 lE-06 70 
Barium 9.39E+Ol 5.500 1 0.001 26 30 IE-06 70 

Beryllium 6SOE-01 5600 1 0.001 26 30 lE-06 70 

Cadmium 1.4OE+OO 5600 1 O.wJl 28 30 lE-06 70 

Chromium 2.65E+Ol 5609 I 0.001 28 30 IE-06 70 
Cobalt 6.10E+OO 5600 1 0.001 28 30 lE-06 70 

Copper 7.62E+Oi xunl I 0.001 26 30 lE-06 70 
Iron l.O0E+04 5600 1 0.001 28 30 lE-06 70 

Manganese 4.70E+02 5800 1 0.001 28 30 IE-06 70 
Nickel l.BOE+Oi 5800 1 0.001 28 30 lE-06 70 

Vanadium 2.02E+O2 5600 1 o.cloi 28 30 IE-06 70 
Zinc 4.05E+02 5600 1 0.001 28 30 TE-06 70 

10950 25550 

10950 

10950 

10950 
10950 

10950 

10950 
10950 

10950 

25550 
25550 
25550 

25550 
25550 

25550 
25550 

25550 
25550 
25550 

25550 

5.28E-06 2.26E-06 2.QOE-02 -- 

2.66E-06 1.23E-06 -- 7.30E+OO 

1.33E-06 5.72E-07 -- 7.70E+OO 
3.97E-05 1.70E-05 2.QOE+OO -- 

2.22E-06 9.53E-09 3.OOE-04 1.75E+M) 
5.97E-07 2.56E-07 7.OOE-02 - - 
4.13E-09 1.77E-09 5.00E-03 4.30E+OO 
8.QUE-09 3.8lE-09 5.OOE-04 -- 

IBE-07 7.22E-08 5.OOE-03 -- 
3.08500 1.66E-06 6.OOE-02 - - 
4.97E-07 2.13E-07 3.71E-02 -- 
6.36E-05 2.72E-05 3.OOE-Ol-- 

2.99E-06 1.26E-06 5.OOE-03 -- 
l.l4E-07 4.QuE-08 2.00E-02 -- 
1.26E-06 5.50E-07 7.00E-03 -- 
2.57E-06 l.lOE-06 3.OOE-Ol-- 

1.62E-06 

-- 
1.37E-05 

7.42E-05 
6.53E-06 

6.26E-07 

1.78E-05 
3.37E-05 

6.46E-07 
1.34E-05 
2.12E-04 

5.97E-04 

5.72E-06 
1.63E-04 

8.5BE-08 

- 0.16% 0.00% 
B.Q5E-06 0.00% 1.98% 
4.4OE-06 0.00% 97.46% 

1.17% 0.00% 
1.67E-00 6.33% 0.37% 

- 0.73% 0.00% 
7.61E-OQ 0.07% 0.17% 

1.52% 0.00% 

2.88% 0.00% 
0.06% 0.00% 
1.14% O.M)% 

16.08% 0.00% 

51.5x% 0.00% 
0.49% O.oQ% 

- 15.66% 0.00% 

0.73% 0.00% 

TOTAL l.l7E-03 4.52E-06 lOO.M)% 100.00% 



, 

SUMMARY OF CHRONIC DI’JLY INTAKE (CDI) AND POlENllAL NONCARCINOGENIC 
AND CARCINDGENIC RISKFROM DERMAL CONTACT WITH SUi++CE SOIL 

SITE 7 

CURRENT SCENARIO 

SC4L - DERMAL 
WORKER ADULT 

CHEhnCAL 

cs SA AF ABS EF ED CF SW ATnc ATc CDinc CDlc RfD CSF HI CR % CONTRIB % CONTRll3 

mgh cm-2 mglcm^2 % Y kglmg kg d d mglkgld mgllcgld mg/kg/d (mg/kg/d)- 1 NC RISK CARC RlSK 

Benz0 (a)-pyrene 

Aroclor- 128) 
Aluminum 

Arsenic 

Barium 
Beryllium 

Cadmium 

Chromium 
Cobalt 

Copper 
Iron 

Manganese 
Nickel 

Vanadium 

Zinc 

&30E-01 

4.5OE-01 

3.50E+OO 
624E+03 

3.50E+OO 

9,3QE+Ol 
6.5OE-01 

1.4OEfLM 

2.65E+Ol 
6.10E+00 

7.62E+Ol 
1.OOE+04 
4.70E+02 

l.BOE+Ol 

2.02E+02 

4.05E+02 

58W 

5aoo 
5800 

5800 

5800 
5mo 

5800 

5800 
5000 

58Ou 
5800 
58cO 

5800 

5800 
5BOO 

1 0.01 250 25 lE-06 70 

1 0.01 250 25 lE-06 70 
1 6.06 250 25 lE-06 70 

1 O.Wl 250 25 lE-06 70 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 lE-06 70 
1 0.001 250 25 lE-06 70 

1 0.001 250 25 lE-06 70 

1 0.001 250 25 lE-06 70 

1 0.001 250 25 lE-06 70 
1 0.001 250 25 iE-06 70 

1 0.001 250 25 lE-06 70 
1 0.001 250 25 lE-06 70 

1 0.001 250 25 lE-06 70 
1 0.001 250 25 IE-06 70 

1 0.001 250 25 iE-06 70 

9125 25550 4.71E-07 1 BE-07 2.90E-02 -- 

9125 25550 2.55E-07 9.12E-08 -- 7.30E+OO 
9125 25550 l.l9E-05 4.26E-06 -- 7.70E+00 
9125 25550 3.54E-04 1.26E-04 2.9OE+OO -- 

9125 25550 l.QQE-07 7.OQE-08 3.00E-04 1.75E+OO 

9125 25550 5.33E-06 l.SOE-06 7.OOE-02 -- 
9125 25550 3.69E-08 1.32E-08 5.OOE-03 4.30E+C+J 

9125 25550 7.95E-08 2.84E-08 5.00E-04 -- 

9125 25550 1.50E-06 5.37E-07 5.00E-03 -- 
9125 25550 3.46E-07 1.24E-07 6.00E-02 -- 

9125 25550 4.44E-06 1.58E-06 3.7lE-02 -- 

9125 25550 5.63E-04 2.03E-04 3.00E-01 -- 
9125 25550 2.67E-05 9.53E-06 5.OOE-03 -- 

9125 25550 l.O2E-06 3.65E-07 2.00E-02 -- 

9125 25550 l.l5E-05 4.09E-06 7.00E-03 -- 

9125 25550 2.30E-05 &21E-06 3.OOE-01 -- 

1.62E-05 

1.22E-04 

6.62E-04 

7.61 E-05 
7.36E-06 

1.5QE-04 

3.01E-04 
5.77E-06 

1.2OE-04 
i.eQE-03 

5.33E-03 

5.1 IE-05 
i.64E-03 

7.&x-05 

0.16% 
6.66E-07 0.00% 

3.28E-05 0.00% 

1.17% 
1.24E-07 6.33% 

0.73% 
5.67E-08 0.07% 

1.52% 
- 2.88% 

0.06% 

1.14% 
18.08% 

51 .OO% 

0.49% 
15.66% 

0.73% 

0.00% 

1.03% 
97.48% 

0.00% 

0.37% 
0.00% 

0.17% 
0.00% 

0.00% 

0.00% 
0.00% 
0.00% 

0.00% 

0.00% 

0.00%. 
0.00% 

TOTAL l.O5E-02 3.36E-05 100.00% 100.00% 



SUMMARY OF CHROMC DAlLY INTAKE (WI) AND POTENTtAL NONCARCINOGENIC 
AND CARCtNOGENlC RISKFROM INGESTlON OF SUAACE SOtL 

SITE 7 

FUTURE SCENAFPO 
SolL - INGESTtON 

RESIDENT CHILD 

CHEMCAL 
cs 

w/kg 

IR FI EF ED CF BW ATnc ATc CDlrlC ccnc FM) CSF HI CR % CONTRIB % CONTRIS 

mgld W Y kQlmQ kQ d d mglkgld mglkgld mglkQld (mg/kg/d) - 1 NC RISK CARC RISK 

Phenanthrene 

Benz0 (a)-pyrene 

Aroclor- 1260 
Aluminum 

Arsenic 

Barium 

Beryllium 
Cadmium 

Chromium 
Cotalt 

Copper 

Iron 
Manganese 

Nickel 
Vanadium 

Zinc 

6.30E-01 

4.5OE-01 

3.50E+OO 
6.24E+03 

3.50E+OO 

9.39E+Ol 

6.50E-01 
1.4OE+OO 

2.65E+Ol 
6.fOE+OO 

7.82E+Ol 

!.OOE+U4 
4.70E+02 
iBOE+Oi 

2.02E+02 
4.05Ef02 

200 

200 

200 
200 

200 

200 

200 
200 

200 

200 
200 

200 
200 

2M) 
200 
200 

1 350 

1 350 

1 350 
1 350 

1 350 

1 350 
1 350 

1 350 

1 350 
1 350 

1 350 

1 350 
t 350 

1 350 

1 350 
1 350 

6 IE-06 

6 IE-06 

6 lE-06 
6 IE-06 

6 IE-06 

6 lE-06 
6 IE-06 

6 lE-06 

6 lE-06 
6 IE-06 

6 lE-06 

6 !E-06 

6 IE-06 
6 iE-06 
6 1E-06 
6 lE-06 

15 

15 

15 
15 

15 

15 
15 

15 

15 
15 

15 
15 

15 
15 

15 
15 

2190 25550 l.O6E-05 

2190 25550 5.75E-06 

2190 25550 4.47E-05 
2190 25550 7.98E-02 

2190 25550 4.47E-05 

2190 25550 1.20E-03 
2190 25550 6.3lE-06 

2190 25550 1.79E-05 

2190 25550 3.39E-04 
2190 25550 7BOE-05 

2190 25550 i.OOE-03 
2190 25550 1.26E-01 

2190 25550 6.01 E-03 
2190 25550 2.30E-04 

2190 25550 2.56E-03 
2190 25550 5.16E-03 

Q.iOE-07 2.WE-02 -- 

4.WE-07 -- 7.3OE+oO 

3.84E-06 -- 7.70E+CG 
6.64E-03 2.90E+OO -- 

3.64E-08 3.M)E-04 1.75E+OO 

1.03E-04 7,OOE-02 -- 
7.12E-07 5.OOE-03 4.30E+OO 
1.53E-06 5.OOE-04 -- 

2.90E-05 5.OOE-03 -- 
6.66E-06 6.00E-02 -- 
&57E-05 3.71E-02 -- 
l.lOE-02 3.OOE-01 -- 
5.15E-04 5.00E-03 -- 
l.Q7E-05 2.OOE-02 -- 
2.21E-04 7.OOE-03 -- 
4.44E-04 3.OOE-01 -- 

3.66E-04 
-- 

-- 

2.75E-02 

1.49E-01 
1.72E-02 

1.66E-03 
3.56E-02 

6.7tlE-02 

1.30E-03 
2.6QE-02 

4.26E-01 
1.20E+00 

1.15E-02 
3.69E-01 

1.73E-02 

-- 0.02% 0.00% 

3.6UE-06 0.00% 6.39% 
2.95E-05 O.OQ% 66.63% 

-- 1.17% 0.00% 

6.7lE-06 6.34% 15.64% 
-- 0.73% 0.00% 
3.06E-06 0.07% 7.14% 

-- 1.52% 0.00% 

-- 2.66% 0.00% 
-- 0.06% 0.00% 

-- 1.15% O.W% 
-- 16.11% 0.00% 

-- 51.07% 0.00% 
-- 0.49% 0.00% 
-- 15.68% 0.00% 
-- 0.73% 0.00% 

TOTAL 2.35E+OO 4.29E-05 lOO.OU% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RlSKFf3OM IffiESTlON OF SUAACE SOlL 

SITE 7 

FUTURE SCENAFUO 

SCHL - INGESTION 
RESIDENT ADULT 

CHEMCAL 

cs IR FI EF ED CF BW ATnc 

wlkg mgld W Y kghg kg d 

ATc CDhC CD+ RID CSF HI CR % CONTRIB % CONTRIB 
d mglkgld mglkgld mglkgld @?$Wd) - 1 NC RISK CARC RISK 

Phenanthrene 

Benzo (a)-pyrene 
Aroclor- 1260 

Aluminum 
Arsenic 

Barium 
Beryllium 

Cadmium 

Chromium 
Cobalt 

Copper 
Iron 

Manganese 

Nickel 
Vanadium 

6.3OE-01 
4.50E-01 

3.5OE+OO 
624E+03 

3.50E+OO 

9.3QE+Ol 
6.50E-01 

1.4OE+OO 

2.65E+ol 
6.10E+O0 

7.62E+Ol 
1 .OOE+04 

4.70E+02 
l.BOE+Oi 

2.02E+02 

100 1 

loo 1 
100 1 
loo 1 

100 1 

100 t 
100 1 

loo 1 

loo I 
loo 1 

100 1 
100 1 

100 1 

IM) 1 
100 1 

350 30 lE-06 70 10950 
350 30 lE-06 70 10950 

350 30 IE-06 70 10950 
350 30 lE-06 70 10950 

350 30 iE-06 70 10950 

350 30 lE-06 70 10950 
350 30 IE-06 70 10950 

350 30 iE-06 70 10950 

350 30 lE-06 70 10950 

350 30 lE-06 70 10950 

350 30 lE-06 70 10950 

350 30 lE-06 70 10950 

350 30 lE-06 70 10950 
350 30 IE-06 70 10950 

350 30 IE-06 70 10950 

25550 
25550 

25550 
25550 

25550 

25550 

25550 

25550 

25550 

25550 

l.l4E-06 
6.16E-07 

4.79E-06 
&55E-03 

4.79E-06 

1.29E-04 
6.QOE-07 

l.Q2E-06 

3.63E-05 
6.36E-06 

l.O7E-04 
1.37E-02 

6.44E-04 

2.47E-05 
2.77E-04 

4.67E-07 2.QOE-02 -- 392E-05 -- 
264E-07 -- 7.30E+OO -- 1 .Q3E-06 
2.05E-06 -- 7.70E+OO -- 1.56E-05 
3.66E-03 2.QOE+OO - - 2.95E-03 -- 

2.05E-06 3.00E-04 1.75E+OO l.@JE-02 3.60E-06 
5.51E-05 7.00E-02 - - 1.64E-03 -- 
3.82E-07 5.OOE-03 4.30E+OO 1.76E-04 l.@lE-06 
8.22E-07 5.00E-04 -- 3.64E-03 -- 
1.56E-05 5.00E-03 -- 7.26E-03 -- 
3.56E-06 6.OOE-02 -- i.39E-04 -- 
4.59E-05 3.71E-02 -- 2.69E-03 -- 
5.67E-03 3.00E-01 -- 4.57E-02 -- 

2.76E-04 5.OOE-03 -- 1.29E-01 -- 
l.O6E-05 2.00E-02 -- 1.23E-03 -- 

l.lQE-04 7.00E-03 -- 3.95E-02 -- 

0.02% 

O.co% 

0.00% 

1.17% 

6.34% 
0.73% 

1.52% 
2.68% 

0.00% 
6.39% 

60.63% 
0.00% 

15.64% 

0.00% 
7.14% 

O.oQ% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 
0.00% 
0.00% 

Zinc 4.05E+O2 100 1 350 30 IE-06 70 10950 25550 5.55E-04 2.3tlE-04 3.00E-01 -- 1.85E-03 -- 0.73% 0.00% 

TOTAL 2.52E-01 2.30E-05 100.00% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 
AND CAfTCINDGEMC RISK FROM DERMAL CONTACT WITH SUFFACE SOIL 

SITE 7 

FUTURE SCENAHO 

SDIL - DERMAL 

RESIDENT CHILD 

CHEMCAL 

cs SA AF ABS EF ED CF BW ATnc ATc Ccnnc cm RD CSF HI CR % CONTRIB % CONTRIB 

mg/kg cm-2 mg/cmn2 dlv v kg/ma kg d d mglkgld mgikgld rng/kg/d (m&T/d)- 1 NC RISK CARC RISK 

Phenanthrene 

Benz0 (a)-pyrene 
Aroclor- 1260 

Aluminum 

Arsenic 
Barium 

Beryllium 

Cadmium 
Chromium 

Cobalt 

Copper 
Iron 

Manganese 

Nickel 
Vanadium 
Zinc 

8.3OE-01 

4.50E-01 
3.50E+M) 
624E+03 

3.50E+O9 

9.39E+o1 
650E-01 

1.4OE+OO 

265E+01 

6iOE+OO 
762E+Oi 

l,OOE+04 

4.70E+02 
16OE+Ol 

2.02E+02 
4.05Ef02 

1820 
1620 

1820 
1820 

1620 

1820 
1620 

1820 

1620 

1820 
1820 

1620 
1820 

1820 
1820 

1620 

1 0.01 350 6 IE-06 15 2190 
1 0.01 350 6 lE-06 15 2190 

1 0.06 359 6 IE-06 15 2190 
1 0.001 350 6 IE-06 15 2190 

1 0.001 350 6 IE-06 15 2190 

1 0.001 350 6 IE-06 15 2196 
1 O.cxJl 350 6 iE-06 15 2190 

1 0.001 350 6 lE-06 15 2190 

1 0.001 350 6 IE-06 15 2190 

1 0.001 350 6 IE-06 15 2190 

1 0.001 350 6 IE-06 15 2190 
1 0,001 350 6 IE-06 15 2190 

1 0.001 350 6 lE-06 15 2190 

1 0.001 350 6 IE-06 15 2190 
1 0.001 350 6 lE-06 15 2190 

1 0.001 350 6 IE-06 15 2190 

25550 

25550 

25550 
25556 

25550 

25550 
25550 

25550 

25550 

25550 
25550 

25550 

9.66E-07 &26E-08 2.9OE-02 -- 
5.24E-07 4.49E-06 -- 7.30E+OO 

2&E-05 2.09E-06 -- 7.70E+OO 
726E-04 6.22E-05 2.90E+OO -- 

4.07E-07 3.49E-06 3.00E-04 1.75E+C6 

l.O9E-05 9.36E-07 7.OOE-02 - - 
7.56E-06 6.46E-09 5.OOE-03 4.30E+00 

i.tXE-07 1.46E-06 5.00E-04 -- 
3.06E-06 264E-07 5.OOE-03 -- 
7.10E-07 6.06E-06 6.00E-02 -- 

9.10E-06 7.60E-07 3.71E-02 -- 
l.l6E-03 9.97E-05 3.00E-01 -- 

5.47E-05 4.59E-06 5.06E-03 -- 

2.09E-06 IJJOE-07 2.OOE-02 -- 
2.35E-05 2.01 E-06 7.00E-03 -- 

4.7lE-05 4.04E-06 3.00E-01 -- 

3.33E-05 
-- 

-- 

2.5OE-04 

1.36E-03 

1.56E-04 
1.51E-05 

3.26E-04 

6.17E-04 

I.I8E-05 
2.45E-04 

3.68E-03 

i.o9E-02 
1.05E-04 
3.36E-03 

1.57E-04 

0.16% 0.00% 

3.26E-07 0.00% 1.98% 
1.61E-05 0.00% 97.40% 

1.17% O.co% 
6.llE-06 6.33% 0.37% 

0.73% 0.00% 
2.79E-06 0.07% 0.17% 

- 1.52% 0.00% 
2.80% 0.00% 
0.06% 0.00% 

1.14% O.co% 
1 ll.OB% 0.00% 

51.00% 0.00% 
0.49% 0.00% 

15.66% 0.00%~ 
0.73% 0.00% 

TOTAL 2.14E-02 1.65E-05 100.00% 100.00% 



SUMMARY OF CHRONIC DAJLY INTAKE (CDI) AND POTENTlAL NONCAl3ClNOGENlC 

AND CARCINOGENIC RISK FROM DERhtAL CONTACT WlTH SUR=ACE SOli 

SITE 7 

FUTURE SCENAFVO 

SOIL - DERMAL 
RESIDENT ADULT 

CHEMICAL 

cs SA A!= ASS EF ED CF BW ATnc ATc CDInc CDiC RID CSF HI CR % CONTAlE % CONTAIB 

r-Mb3 cmA2 mg/cm^2 % Y  kg/mg kg d d mglkgld mglkgld mg/kg/d (mgnCg/d)- I NC RISK CARC RISK 

Phenanthrene 

Benz0 (a)-pyrene 

Aroclor- 1260 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Cop’per 

Iron 

Manganese 

Nickel 

Vanadium 

Zinc 

8.3OE-01 

4.50E-01 

3.50E+OO 

624E+03 

3.50E+00 

9.39E+Ol 

650E-01 

1.4OE+OO 

2.65E+OI 

&IOE+CO 

7.62E+Ol 

I.OOE+04 

4.70E+O2 

1 .BOE+Ol 

2.02E+02 

4.05E+02 

TOTAL 

56M) 

5800 

5600 

5600 

5600 

5800 

5800 

5600 

5600 

58ou 

56Oil 

5800 

!imJ 

5800 

5600 

5600 

I 0.01 350 30 IE-06 70 10950 25550 6.59E-07 2.63E-07 2.QUE-02 -- 

1 .O.OI 350 30 IE-06 70 10950 25550 3.56E-07 1.53E-07 -- 7.30E+OO 

I 0.06 350 30 lE-06 70 10950 25550 1.67E-05 7.15E-06 -- 7.70E+CCr 

1 0.001 350 30 IE-06 70 10950 25550 4.!WE-04 2.12E-04 2.QOE+OO -- 

I 0.001 350 30 IE-06 70 10950 25550 2.78E-07 l.lQE-07 3.OOE-04 1.75E+00 

I 0.001 350 30 iE-06 70 10950 25550 7.46E-06 3.20E-06 7.00E-02 -- 

1 0.001 350 30 IE-06 70 10950 25550 5.16E-06 2.2iE-06 5.00E-03 4.30tz+Otl 

1 0.001 350 30 IE-06 70 10950 25550 i.IlE-07 4.77E-00 5.00E-04 -- 

1 0.001 350 30 IE-06 70 10950 25550 2.11E-06 Q.O2E-07 5.OOE-03 -- 

1 0.001 350 30 lE-06 70 iO950 25550 4.65E-07 2.06E-07 6.00E-02 -- 

1 0.001 350 30 iE-06 70 I0950 25550 6.2IE-06 2.66E-06 3.71E-02 -- 

1 0.001 350 30 IE-06 70 10950 25550 7.95E-04 3.4IE-04 3.OOE-OI - - 

I 0.001 350 30 IE-06 70 10950 25550 3.73E-05 1.6OE-05 5.00E-03 -- 

1 0.001 350 30 IE-06 70 10950 25550 1.43E-06 6.13E-07 2.00E-02 -- 

1 0.001 350 30 lE-06 70 10950 25550 I.EOE-05 6.66E-06 7.00E-03 -- 

I 0.001 350 30 IE-06 70 10950 25550 3.22E-05 1.36E-05 3.OOE-01 -- 

2.27E-05 - 
-- I.I2E-06 
-- 5.5IE-05 

1.7IE-04 - 

9.27E-04 2.09E-07 

I.O7E-04 - 

l.O3E-05 9.52E-06 

2.22E-04 - 

4.21E-04 - 

B.OBE-06 - 

1.67E-04 - 

2.65E-03 - 

7.47E-03 - 

7.15E-05 - 

2.29E-03 - 

l.O7E-04 - 

1.46E-02 565E-05 

0.16% 0.00% 

0.00% 1.96% 

O.OQ% 97.46% 

1.17% 0.00% 

6.33% 0.37% 

0.73% 0.00% 

0.07% 0.17% 

1.52% 0.00% 

2.66% 0.00% 

0.06% O.oil% 

1.14% 0.00% 
16.08% 0.00% 

51.00% 0.00% 

0.49% 0.00% 

15.66% 0.00% 

0.73% 0.03% 

100.00% 100.00% 



CONSTITUENTS DETECTED IN SUBSURFACE SOIL SAMPLES 

SITE 7 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 

VIRGINIA BEACH, VIRGINIA 

Constituent 

VOLATILES 

Methylene chloride 

Acetone 

2 -Butanone 

Tetrachloroethene 

SEMI-VOLATILES 

1,4-Dichlorobenzene 

Bis (2) ethylhexphthalate 

INORGANICS 

Aluminum 

Arsenic 

Barium 

Beryllium [fj 

Cadmium 

Calcium 

Chromium 

Cobalt [r] 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

lotes: 

l- Frequency 

Of 

Detection 

1 I 
21 
1 I 
1 I 

1 I 
1 I 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

51 

1 I 
51 

51 

41 

51 

5 2E+06 - I .89E+07 

5 13OOj - 5.10E+03 j 
5 5400 b - 4.61 E +04 

5 270 b - 4.40E+02 t 
5 1lOOOj - 2.20E+03 

5 218000 - 4.25E +05 

5 4700 - 1.88E +04 

5 2300 b - 5.10E+03 t 

5 2600 - 6.90E+03 

5 4E+06 - 1.30E +07 j 

5 3500 - 8.40E+03 j 

5 636000 - 1.44E +06 

5 I7400 - 4.89E +04 

5 70 b 

5 5200 b - 8.90E+03 

5 477000 - 9.22E +05 

5 139000 - 1.45E+08 

5 5300 b - 2.40E+04 

Range of Detected 

Concentrations 

@g/kg) 

3j 
58 - 80 

9i 

7j 

38 j 

100 j 

51 51 15500 - 5.80E+04 

Typical 

Soil Cont. 

Lug/kg) [al 

7.10E+07 

l.lOE+04 

5.00E+05 

3.00E +02 

5.00E +02 

2.40E +07 

1 .OOE +05 

8.00E +03 

3.00E +04 

4.00E +07 

2.90E+04 

5.00E +06 

1 .OOE +08 

9.80E+OI 

5.00E+04 

1.40E+07 

5.00E +06 

1 .OOE +05 

9.00E +04 

Federal 

MCL 

fug/l) [bl 

4.i 

0.E 

4oc 

1 .E 

O.OlE 

0.14 

61C 

1.1 5 318 

4.8 

11000 

0.038 50 

260 2000 

0.016 4 

18 5 

I8 100 

220 

140 1300 

i 

0 

I8 50 

1 .l 2 0.144 

73 100 607 

--I-- 26 

1100 

Virginia 

Water Stds. 

&g/l) [e] 

400 

50 

2000 

16 

170 

1300 

300 

15 

5000 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

a. Typical median concentration of inorganics in soils obtained from the following sources: 

Bowen, H.J.M., Environmental Chemistry of the Elements. Academic Press, New York, 1979. 

Ure, A. M., et. al., ‘Environmental Constituents of Soils’ Environmental Chemistry, Vol. 2, pp94-204 ed 

H.J.M. Bowen, Royal Society of Chemistry, Burlingtonhouse, London, U.K. 1983. 

Parr, James F., Marsh, Paul B., Kla, Joanne M., Land Treatment of Hazardous Wastes, Agricultural 

Environmental Quality Institute, Agricultural Research Service, OSDA, Beltsville, Maryland, Noyes 

Data Corporation, Park Ridge, New Jersey, 1983. 

Shaklette, H.T. et al., Elemental Composition of Suficial Material in the Conterminous United 

States, USGS Professions1 Paper 574-D-1971. 

b. MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 

c. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum which is obtained from the January 7,1994 RBC Table using a target hazard quotient 

of 0.1 and atarget cancer risk of le-06. 

d. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 

publication ‘Drinking Water Regulations and Health Advisories.” 

e. Virginia Water Standards for public water supplies. 

f. Constituent concentration is five times greater than the maximum detected in blank (b). 

‘otentla 

Concerr 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

VO 

VO 

NO 



Zonstituent 

JOLATILES 

Methylene chloride 

Acetone 

P-B&none 

Tetrachloroethene 

SEMI-VOLATILES 

1,4-Dichlorobenzene 

Bis (2) ethylhexphthalate 

NORGANICS 

Aluminum 

Arsenic 

Barium 

Beryllium [c] 

Cadmium 

Calcium 

Chromium 

Cobalt [c] 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

otes: 
L 

CONSTITUENTS DETECTED IN SUBSURFACE SOIL SAMPLES 

SITE 7 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 

VIRGINIA BEACH, VIRGINIA 

11 5 3j 
21 5 56 - 60 

11 5 9i 

11 5 7j 

11 5 36 j 

11 5 1OOj 

51 5 2E+06 - 1.69E +07 7,10E+07 

51 5 1300j - 5.10E+03 j 1.1OE+04 

51 5 5400 b - 4.61 E+04 5.00E+Of 

51 5 270 b - 4.40E +02 t 3.00E +O; 
51 5 1lOOOj - 2.20E+03 5.00E+OZ 

51 5 216000 - 4.25E +05 2.40E+07 

51 5 4700 - 1.66E+04 1 .OOE +O! 

51 5 2300 b - 5.10Ec03 t 6.00E+05 

51 5 2600 - 6.90E +03 3.00E+04 

51 5 4E+06 - 1.30E +07 j 4.00E+07 
51 5 3500 - 6.40E +03 j 2.90E+04 

51 5 636000 - 1.44E +06 5.00E+Oe 

51 5 17400 - 4.69E+04 1 .oOE+Oe 

11 5 70 b 9.60E+Ol 

51 5 5200 b - 6.90E+03 5.00E +04 

51 5 477000 - 9.22E +05 1.40E +O? 

41 5 139000 - 1.45E+06 5.00E+O6 

51 5 5300 b - 2.40E +04 1 .OOE +05 
51 5 15500 - 5.60E +04 9.OOE+O4 

!: Typical 

Soil Cont. 

:ug/kg) [a] 

Residential Soil 

Concentration 

@g/kg) [b] 

6.50E+OI 

7.60E +Ot 

1.20E +04 

2.70E -104 

2,30E+07 

3.70E+02 

5.50E +05 

1.50E +02 

3.90E +04 

3.90E +04 

4.70E +05 

2.90E+05 

3.90E +04 

2.30E +03 

1.60E +os 

5.50E+04 

2.30E+06 

a. Typical median concentration of inorganics in soils obtained from the following sources: 

Bowen, H.J.M., Environmental Chemistry of the Elements. Academic Press, New York, 1979. 

Ure, A. M., et. al., ‘Environmental Constituents of Soils’ Environmental Chemistry, 

H.J.M. Bowen. Royal Society of Chemistry, Burlingtonhouse, London, U.K. 1963. 

Vol. 2, ~~94-204 ed 

Parr, James F., Marsh, Paul B., Kla, Joanne M., Land Treatment of Hazardous Wastes, Agricuttutural 

Environmental Quality Institute, Agricultural Research Service, OSDA, Beltsville, Maryland, Noyes 

Data Corporation, Park Ridge, New Jersey, 1963. 

Shaklette, H.T. et al., Elemental Composition of Surficial Material in the Conterminous United 

States, USGS Professions1 Paper 574-D-1971. 

b. Residential Soil Concentration values obtained from July ll,lD94 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum where it is obtained from the January 11,1994 RBC Table 

using a target hazard quotient of 0.1 and a target cancer risk of le-06. 

c. Constituent concentration is five times greater than the maximum detected in blank (b). 

Potentia 

Concerr 

NO 

NO 

NO 

NO 

NO 

NO 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES* 

NO 
YES 

NO 

YES 

NO 
NO 

YES 

YES 

l Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 



SUMMARY OF CHROMC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARClNOGENlC IUSKFROM INGESTlON OF SUSSUAACE SolL 
SITE 7 

FUTURE SCENAFlO 

SUBSUffACE SOIL - INGESTlON 
RESIDENT CHILD 

CHEMCAL 

cs WI FI EF ED CF BW ATnc 

msncs w/d dEy Y kglmg kg d 

ATc CDlnc CDIC WD CSF HI CR % CONTRIB % CONTRIB 
d mglk!$d mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cotelt 

Copper 

Iron 

Manganese 

Nickel 

Vanadium 

1.89E+o4 

5.lOE+OO 

4.elE+ol 

4.4OE-01 

220EfOO 

1.88E+Ol 

5.10E+OO 

69OE+OO 

1.30E+04 

4.89E+Ol 

B.SOE+M) 

2.4OEfOl 

Zinc 5.80E+Ol 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

200 1 350 

2M) 1 350 

6 IE-06 

6 lE-06 

6 IE-06 

6 lE-06 

6 IE-06 

6 lE-06 

6 IE-06 

6 IE-06 

6 lE-06 

6 IE-06 

6 lE-06 

6 IE-06 

6 IE-06 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

15 2190 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

2.42E-01 2.07E-02 

6.52E-05 5.59E-06 

5.89E-04 5.05E-05 

5.63E-06 4.82E-07 

2.6lE-05 2.4lE-06 

2.4OE-04 2.06E-05 

6.52E-05 5.59E-06 

8.82E-05 7.56E-06 

1.66E-01 1.42E-02 

6.25E-04 5.36E-05 

l.l4E-04 9.75E-06 

3.07E-04 2.ME-05 

7.42E-04 6.36E-05 

2.9OE+OO -- 

3.00E-04 1.75E+Ofl 

7.OOE-02 -- 

5.OOE-03 4.30E+OO 

5.OOE-04 -- 

5.OOE-03 -- 

6.OOE-02 -- 

3.71E-02 -- 

3.00E-01 -- 

5.OOE-03 -- 

2.OOE-02 -- 

7.COE-03 - - 

3.OOE-01 -- 

8.33E-02 -- 7.25% 0.00% 

2.17E-01 9.?8E-06 18.92% 82.51% 

6.42E-03 -- 0.73% 0.00% 

l.l3E-03 2.07E-06 0.10% 17.49% 

5.63E-02 -- 4.90% 0.00% 

4.81 E-02 -- 4.18% 0.00% 

l.WE-03 -- 0.09% 0.00% 

2.38E-03 -- 0.21% 0.00% 

5.54E-01 -- 48.22% O.W% 
1.25E-01 -- 10.88% O.W% 

5.69E-03 -- 0.50% 0.00% 
4.38E-02 -- 3.81 % 0.00% 

2.47E-03 -- 0.22% 0.00% 

TOTAL l.l5E+M1 i.i9E-05 1 OQ.OQ% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC FUSKFROM INGESTlON OF SUBSURACE SCJL 

SITE 7 

FUTURE SCENARO 

SUES-ACE SOIL - INGESTION 

RESIDENT ADULT 

CHEMCAL 

cs 

mglkg 

IR FI EF ED CF BW ATnc 

mg/d % Y  kglmg kg d 

ATc CDlnc cm RID CSF HI CA % CONTRIB % CONTRIB 
d mglkgld mglkgld mglkgld (mgfig/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

CotAt 

Copper 

Iron 
Manganese 

Nickel 

Vanadium 

Zinc 

TOTAL 

i.e9E+o4 

5.lOE+OO 

4.6lE+Ol 

4.4OE-01 

2.20E+OO 

l.B6E+Ol 

5.10E+Otl 

t?SQE+CG 

13OE+04 

4.69E+Ol 

6.9OE+OO 

2.4OE+Ol 

5.80E+Ol 

100 

100 

100 

100 

100 

100 

100 

109 

100 

100 

100 

100 

100 

1 350 30 lE-06 

1 350 30 IE-06 

1 350 30 IE-06 

1 350 30 lE-06 

1 350 30 IE-06 

1 350 30 lE-06 

1 350 30 IE-06 

1 350 30 IE-06 

1 350 30 IE-06 

1 350 30 lE-06 

1 350 30 IE-06 

1 35a 30 iE-06 

1 350 30 IE-06 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

10950 25550 2.5X-02 l.llE-02 

10950 25556 6.99E-06 2.99E-06 

10950 25550 6.32E-05 2.71E-05 

10950 25550 6.03E-07 2.56E-07 

10950 25550 3.01E-06 1.29E-06 

10950 25550 2.56E-05 l.lOE-05 

10950 25550 6.99E-06 2.99E-06 

10950 25550 9.45E-06 4.05E-06 

10950 25550 1.76E-02 7.63E-03 
i 0950 25550 6.70E-05 2.67E-05 

10950 25550 1.22E-05 5.23E-06 

10950 25550 3.29E-05 1.41E-05 

10950 25550 7.95E-05 3.41E-05 

2.9OE+OLI -- 6.93E-03 -- 7.25% 0.00% 

3.M)E-04 1.75E+00 2.33E-02 5.24E-06 i8.92% 62.51% 

7.OOE-02 - - 9.02E-04 -- 0.73% 0.00% 
5.OOE-03 4.30E+00 1.2lE-04 l.llE-06 0.10% 17.49% 
5.OOE-04 - - 6.03E-03 -- 4.90% 0.00% 
5.OOE-03 - - 5.15E-03 -- 4.10% 0.00% 
6.O’JE-02 - - l.l6E-04 -- 0.09% 0.00% 
3.71E-02 -- 2.55E-04 -- 0.21% 0.00% 

3.OOE-01 -- 5.94E-02 -- 46.22% O.W% 
5.OOE-03 -- 1.34E-02 -- 10.68% 0.00% 
2.OOE-02 -- 6.10E-04 -- 0.50% 0.00% 
7.00E-03 -- 4.70E-03 -- 3.61% 0.00% 
3/XJE-01 -- 2.65E-04 -- 0.22% O.oiJ% 

1.23E-01 6.35E-06 100.00% IW.ofl% 



SUMMARY CF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FRDM DERMAL CONTACT WITH SUBSURACE SOIL 

SITE 7 

FUTURE SCENARlO 

SUESUFIFACE SOIL - DEAMAL 
RESIDENT CHILD 

CHEMCAL 
CS SA AF ABS EF ED CF BW ATnc ATc ClInc cm RfD CSF HI CR % CONTRIB % CONTRIE 

mslb cm”2 mg/cmA2 dh Y kglmg kg d d mgfigld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 

Beryllium 
Cadmium 

Chromium 

Cohlt 
Copper 

Iron 
Manganese 
Nickel 

Vanadium 

Zinc 

1.69E+04 
5.10E+CO 

4.6iE+Ol 

4.4OE-01 
Z.ZOE+OO 

1.68E+Ol 

5.lOE+00 
6.!xlE+OO 

1.30E+04 
4.69E+ol 

6.QOE+GQ 
2.4OE+Ol 

5.60E+ol 

1620 
1820 

1620 
1620 

1820 

1820 

1820 
1820 

1620 
1820 
1620 

1620 

1620 

1 

350 6 IE-06 15 2190 25550 

350 6 IE-06 15 2190 25550 
350 6 IE-06 15 2190 25550 

350 6 IE-06 15 2190 25550 
350 6 IE-06 15 2190 25550 

350 6 IE-06 15 2190 25550 

350 6 IE-06 15 2190 25550 
350 6 IE-06 15 2190 25550 

350 6 IE-06 15 2190 25550 
350 6 IE-06 15 2190 25550 

350 6 IE-06 15 2190 25550 
350 6 IE-06 15 2190 25550 

350 6 IE-06 15 2190 25550 

2.2OE-03 1.66E-04 ZME+OO -- 7.56E-04 
5.Q3E-07 5.OQE-06 3.00E-04 1.75E+OO l.Q6E-03 

.536E-06 4.60E-07 7.OOE-02 - - 7.66E-05 
5.12E-06 4.39E-09 5.OOE-03 4.30E+GfJ l.OZE-05 
2.56E-07 Z.lQE-06 5.@JE-04 -- 5.12E-04 
Z.lQE-06 1.67E-07 5.00E-03 -- 4.37E-04 
5.93E-07 5.09E-06 6.WE-02 -- 9,69E-06 
6.03E-07 6.66E-06 3.7lE-02-- 2.16E-05 
1.5iE-03 1.30E-04 3.M1E-Oi -- 5.04E-03 
5.69E-06 4.66E-07 5.OOE-03 -- 1.14E-03 
l.O4E-06 6.66E-06 2.00E-02 -- 5.16E-05 
2.79E-06 2.39E-07 7.0OE-03 -- 3.Q9E-04 
6.75E-06 5.76E-07 3.OOE-Ol-- 2.25E-05 

7.25% 

6.QOE-06 1692% 
0.73% 

1.69E-06 0.10% 

4.90% 

4.18% 
- 0.09% 
- 0.21% 

46.22% 
- 10.68% 

0.50% 
- 3.61% 

0.22% 

0.00% 

62.51% 

0.00% 
17.49% 

0.00% 

0.00% 
0.00% 

0.00% 

0.00% 
0.00% 
0.00% 

0.00% 
0.00% 

TOTAL l.O5E-02 l.O8E-07 100.00% loO.M)% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RlSKFRDM DERMALCONTACT WITH SUBSURACE SOIL 

SITE 7 

FUTURE SCENAFUO 

SUSSUFU=ACE SOIL - DERMAL 
RESIDENT ADULT 

CHEMICAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

w/k43 cm”2 mg/cm^2 w Y kglmg kg d d mglkgld mgikgld mglkgld (mgFg/d)- 1 NC RISK CARC RISK 

Aluminum 1.8E+o4 5e4lo 1 0.001 350 30 IE-06 70 10950 25550 1 .SOE-03 6.44E-04 2.9OE+OO -- 5.16E-04 - 7.25% 0.00% 

Arsenic 5.10E+OO 5800 1 0.001 350 30 IE-06 70 10950 25550 4.05E-07 1.74E-07 3.00E-04 1.75E+00 1.35E-03 

d.ooi 

3.04E-07 16.92% 62.51% 

Barium 4.6lE+01 5800 1 350 30 IE-06 70 10950 25550 3.66E-06 1.57E-06 7.00E-02 -- 5.23E-05 - 0.73% 0.00% 

Beryllium 4.4OE-01 56cQ 1 0.001 350 30 IE-06 70 10950 25550 3SOE-06 1.50E-06 5.OOE-03 4.30E+CG mQE-06 6.44E-06 0.10% 17.49% 

Cadmium 2.20E+OO saoo 1 0.001 350 30 IE-06 70 10950 25550 1.75E-07 7.49E-00 5.M)E-04 -- 3.50E-04 - 4.90% 0.00% 

Chromium l.BtIE+Ol 5600 1 0.001 350 30 IE-06 70 10950 25550 1.49E-06 6.4OE-07 5.OOE-03 -- 29X-04 - 4.18% 0.00% 

Cobalt 5.10E+OO 5800 1 0.001 350 30 iE-06 70 10950 25550 4.05E-07 1.74E-07 6.OUE-02 - - 6.75E-06 - 0.09% 0.00% 

Copper 6.9oE+OO 5600 1 0.001 350 30 IE-06 70 10950 25550 5.46E-07 2.35E-07 3.7lE-02 -- 1.46E-05 - 0.21% 0.00% 

Iron 1.30E+04 5600 1 0.001 350 30 iE-06 70 10950 25550 l.O3E-03 4.4.3E-04 3.00E-01 -- 3.44E-03 - 46.22% O.W% 

Manganese 4.&x+01 5800 1 0.001 350 30 IE-06 70 10950 25550 3.69E-06 1.67E-06 5.OOE-03 -- 7.77E-04 - 10.88% 0.00% 

Nickel 6.90E+OO 58oQ 1 0.001 350 30 IE-06 70 10950 25550 7.07E-07 3.03E-07 2.00E-02 -- 3.54E-05 - 0.50% 0.00% 

Vanadium 2.4OE+Ol 5800 1 0.001 350 30 lE-06 70 10950 25550 1.91 E-06 6.17E-07 7.M)E-03 -- 2.72E-04 - 3.81% 0.00% 

Zinc 5.60E+Ol 5800 1 0.001 350 30 IE-06 70 10950 25550 4.61 E-06 1.97E-06 3.00E-01 - - 1.54E-05 - 0.22% 0.00% 

TOTAL 7.14E-03 3.68E-07 100.00% 100.03% 



CONSTRUENTS DETECTED IN GROUNDWATER SAMPLES 
SlTE 7 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Donstituent 

VOLATILES 
Acetone 

INORGANICS 
Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

4NIONS 
Alkalinity 
Bicarbonate alkalinity 
Chloride 
Sulfate 

r, 

c 

requenq Range of Detected 
of Concentrations 

jetectfon (usll) 

11 9 8.0 j 

91 9 117 - 330000.0 

51 9 7.8 - 50.6 
91 9 33.7 b - 754.0 
31 9 1.9b - 11.0 
31 9 4.4 b - 37.6 
91 9 7960.0 - 283000.0 

41 9 5.9 - 360.0 

51 9 3.8 b - 121.0 
71 9 4.7 b - 226.0 

91 9 1720 - 224000.0 
61 9 4.3 - 177.0 

91 9 8340.0 - 596000.0 
91 9 114.0 - 1930.0 

21 9 0.18 b - 0.27 

21 9 35.7 b - 176.0 
91 9 7810 - 220000.0 

91 9 50000.0 - 5.4E+06 

31 9 43.2 b - 634.0 
41 9 37.7 - 1620.0 

91 9 16500.0 - 980000.0 
91 9 16500.0 - 980000.0 
91 9 49200.0 - 4.65E+07 
81 9 18500.0 - 1.32E+O6 

I 
I j 

‘edera 
MCL 

ug/l) la] 

0.018 

0.14 
610 

Tap 
Water 

Iw?u!zl 

Health Virginia Ground 
dvisoq Water Stds. 
ugll) [d (us/l) [d] 

Potentia 
Concerr 

370 NO 

11000 
0.038 

260 
0.016 

18 

18 
220 
140 

5c 
1ooc 

0.4 

50 

1000 

50 

18 
1.1 
73 

5C 
2ooc 

4 
E 

1oc 

13oc 

2 
1oc 

0.05 

26 
-1100 

I 

I 

I 

, 

, 

, 

I 

I 

, 

, 

270000 

50 

YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
YES * 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
YES 

30000 

50000 
50000 

YES 
YES 
YES 
YES 

a. Federal MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values obtained from July 11,1994 USEPA Region III Risk-Based 

Concentration Table except for aluminum which is obtained from the Januay 7,1994 RBC Table using a target hazard 
quotient of 0.1. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCAFICINOGENIC 
AND CARCINOGENIC FUSKFRDM INGESTION OF GROUNNATER 

SITE 7 

FUTURE SCENAIIO 

GROUNDWATER - INGESTION 

RESIDENT (EXPOSED AS TRESPASBEIURECREATIONM) CHILD 

CHEMCAL 

Aluminum 
Arsenic 

Barium 

Beryllium 
Cadmium 

Chromium 

Cobalt 

Copper 
Iron 
Nickel 

Vanadium 
Zinc 

cw 
&IL 

CR EF ED CF BW ATnc ATc 

L/d d/v Y mglug kg d d 

33OE+05 

5.06E+Ol 
7.54E+02 

i.iOE+Ol 
3.76E+Ol 

3.SJE+02 

1.21E+02 
2.26E+02 

2.24E+O5 
1.76E+O2 

6.34E+02 
1.62E+03 

1 14 6 lE-03 15 

1 14 6 lE-03 15 

1 14 6 1E-03 15 

1 14 6 IE-03 15 

1 14 6 1 E-03 15 

1 14 6 IE-03 15 

1 14 6 lE-03 15 

1 14 6 lE-03 15 

1 14 8 lE-03 15 
1 14 6 lE-03 15 
1 14 6 lE-03 15 

1 14 8 lE-03 15 

2190 

2193 

2190 

2190 
2190 

2190 
2190 

2190 

2190 
2190 
2190 

2190 

CDlnc 

mglkgld 

25550 6.44E-01 

25550 1.29E-04 

25550 1.93E-03 

25550 2.61E-05 

25550 9.61E-05 

25550 9.21 E-04 

25550 3.09E-04 

25550 5.76E-04 

25550 5.73E-01 
25550 4.50E-04 

25550 i.6ZE-03 

25550 4.14E-03 

CDIC 

mglkgld 

7.23E-02 

l.liE-05 

1.65E-04 
2.41E-06 

6.24E-06 

7.69E-05 
2.65E-05 

4.95E-05 

4.91E-02 
3.66E-05 
1.39E-04 

3.55E-04 

RfD CSF 

w/W/d Vwkg/d) - 1 

2.9oE+oo -- 

3.00E-04 1.75E+OO 

7.00E-02 -- 

5.00E-03 4.30E+OO 
5.OOE-04 -- 

5.00E-03 -- 

6.OOE-02 -- 
3.71E-02 -- 

3.OOE-01 -- 
2.OOE-02 -- 

7.M)E-03 -- 
3.00E-01 -- 

HI CR % CONTRIB % CONTRIB 
NC RISK CARC RISK 

2.91E-01 -- 6.74% 0.00% 
4.31E-01 1.94E-05 12.95% 65.16% 
2.75E-02 -- 0.63% 0.00% 
5.63E-03 1.04E-05 0.17% 34.62% 
1.92E-01 -- 5.77% 0.00% 
1.64E-01 -- 5.53% 0.00% 
5.16E-03 -- 0.15% 0.00% 
1.58E-02 -- 0.47% 0.00% 
1.91E+OO -- 57.34% 0.00% 
2.25E-02 -- 0.88% 0.00% 
2.32E-01 -- 8.96% 0.00% 
1.36E-02 -- 0.41% 0.00% 

TOTAL 3.33E+OO 2.93E-05 100.00% 1 oaoo% 



SUMMARY OF CHRONIC WlLY INTAKE (CDl) AND POTENTIAL NONCAACINOGENIC 
AND CARCINOGENIC RISKFROM INGESTION OF GROUNOWATER 

SITE 7 

FUTURE SCENARO 

GROUNDWATER - INGESTION 

I I RESlDENT (EXPOSED AS lTiESPASSEWRECREAllONAL) ADULT 

CHEMCAL 
CW 

w- 

CR EF ED CF BW ATnc ATc CDlnc cl% RfD CSF HI CR % CONTRIB % CONTRIB 

Ud d/v Y mglug kg d d mglkgld mglkgld mglkgld (w/kg/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 
Beryllium 

Cadmium 
Chromium 

Cobalt 

Copper 
Iron 

Nickel 
Vanadium 
Zinc 

3.30E+05 

5.06E+Ol 

7.54E+O2 
l.lOE+Ol 

3.76E+Ol 
3.6OE+O2 

1.2lE+02 

2.26E+o2 
2.24E+05 

1.76E+02 
6.34E+O2 
1.62E+O3 

2 26 30 IE-06 

2 26 30 IE-06 

2 20 30 IE-06 

2 26 30 IE-06 

2 26 30 IE-06 
2 26 30 1E-06 

2 26 30 iE-06 

2 26 30 iE-06 

2 26 30 IE-06 
2 26 30 lE-06 

2 28 30 fE-O6 
2 26 30 IE-06 

70 

70 
70 

70 
70 

70 
70 

70 

70 
70 

70 
70 

IO950 

10950 
10950 

10950 

10950 
10950 
10950 

10950 

10950 
10950 

to950 
10950 

25550 
25550 

25550 

25550 
25550 

25550 
25550 

25550 
25550 

7.23E-04 3.lOE-04 

l.llE-07 4.75E-06 
1.65E-06 7.06E-07 
2.41E-08 1.03E-06 
6.24E-06 3.53E-06 

7.69E-07 3.36E-07 
2.65E-07 1.14E-07 

4.95E-07 2.12E-07 

4.9lE-04 2.10E-04 
3.66E-07 1.65E-07 

1.39E-06 5.96E-07 
3.55E-06 1.52E-06 

2.90E+OG -- 2.49E-04 -- 0.74% O.oil% 
3.OOE-04 1.75E+OO 3.70E-04 6.32E-06 12.95% 65.18% 
7.OOE-02 -- q36E-05 -- 0.83% 0.00% 
5.00E-03 4.30E+OO 4.62E-06 4.44E-06 0.17% 34.62% 
5.OOE-04 -- 1.6SE-04 -- 5.77% 0.00% 
5.WE-03 -- 1.56E-04 -- 5.53% 0.00% 
6.ooE-02 - - 4.42E-08 -- 0.15% 0.00% 
3.7lE-02 -- 1.34E-05 -- 0.47% 0.00% 
3.OOE-01 -- 1.64E-03 -- 57.34% 0.00% 
2.00E-02 -- 1.93E-05 -- 0.60% 0.00% 
7.COE-03 -- 1,99E-04 -- 6.96% 0.00% 
3.OOE-01 -- l.lBE-05 -- 0.41% 0.00% 

TOTAL 2.85E-03 1.26E-07 loo.oo% 1 00.00% 



SUMMARY OF CHAONIC DAlLY INTAKE (CM) AND POTENTTAL NONCAFKINGGEMC 

AND CAFiCtNGGENlC RISK FRGM DERMAL CONTACT WITH GROUNDWATER 

SITE 7 

FtJTUfTE SCENARO 

GRGtJNDWATER - DERMAL 

RESIDENT (EXPDSED AS l-GESPASSEfI/RECREATlONAL) CHIUJ 

CHEMCAL 

cw SA PC ET EF ED CF BW ATnc ATc CDfnc CMC IifD CSF HI CR % CONTMB % CONTRIB 

w cm-2 cm/hr hrld d/y y L mg/cm^3 ug kg d d mgikgld mglkgld mg/kg/d (mgnCg/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 

Beryflium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Nickel 

Vanadium 

Zinc 

33OE+05 

5.06E+o1 

7.54E+02 

l.lOE+Ol 

3,76E+o1 

3.69E+O2 

1.21fz+O2 

2.26E+02 

2.24E+05 

1.76E+02 

6,34E+02 

162E+03 

7260 

7260 

7260 

7260 

7260 

7260 

7260 

7269 

0.001 l ** 

0.001 l ** 

omt l ‘* 

0.991 l ** 

0.001 l ** 

0.091 l ** 

0.001 l ** 

omi l ** 

0.001 l *+ 

0.001 l ** 

0.001 *a* 

o.ow6 * 

0.2 14 6 IE-06 

0.2 14 6 lE-06 

0.2 14 6 lE-06 

0.2 14 6 IE-96 

0.2 14 6 lE-06 

0.2 14 6 IE-06 

0.2 14 6 iE-06 

0.2 14 6 IE-06 

0.2 14 6 fE-06 

0.2 14 6 IE-06 

0.2 14 6 IE-06 

0.2 14 6 IE-06 

15 2190 25550 6.14E-03 

15 2190 25556 9.42E-07 

15 2190 25550 1.46E-05 
15 2190 25550 2.05E-07 

15 2190 25550 7.9OE-07 

15 2190 25550 6.70E-06 

15 2199 25550 2.25E-96 

15 2190 25550 4.2lE-06 

15 2190 25556 4.17E-03 

15 2190 25550 3.28E-06 

15 2190 25550 l.l6E-05 

15 2190 25550 f.alE-05 

527E-04 2.@‘JE+OO -- 

6.07E-08 3.OOE-04 1.75E+OO 

1.20E-06 7.6OE-02 - - 

1.76E-06 5.69E-03 4.30E+90 

6.OOE-06 5.OOE-04 -- 

5.74E-07 5.OOE-03 -- 

1.93E-07 6.00E-02 -- 

3.6fE-07 3.71E-02 -- 

3.57E-04 3.09E-01 -- 

26lE-07 2.09E-02 -- 

l.OlE-66 7.OOE-03 -- 

1.55E-06 3.OOE-01 -- 

2.12E-03 0.75% 0.00% 

3.14E-03 1.4lE-07 12.97% 65.10% 

2.0lE-04 0.63% 0.00% 
4.iOE-05 7.55E-06 0.17% 34.62% 
1.46E-03 5.70% 0.00% 

1.34E-03 5.54% 0.00% 

3.75E-05 0.16% 0.00% 

l.l3E-04 0.47% 0.00% 

1.39E-02 57.44% 0.00% 

1.64E-04 0.66% 0.00% 

1.69E-03 6.97% O.cQ% 

6.03E-05 0.25% 0.00% 

TOTAL 2.42E-02 2.17E-07 lco.OO% 1 00.00% 

l Chemical specific derrral permeability consfant-estimated value, USEPA 1992 

l * Chemical specific dermal permeability constant-measured, USEPA 1992 

l ** Chemial specific dermal permeability constant-default value, USEPA, 1992 

l *** Chemical spedfic dermal permeability constant (PC) not available. Used water PC, USEPA 1992. 



SUMMARY a: CHRONIC DAlLY INTAKE (CDI) AND FGTENTlAL NONCARCINOGENIC 

AND CARClNGGENlC FUSK FROM DERMAL CONTACT WITH GROUNDWATER 

SITE 7 

FUTURE SCENAMO 

GROUNDWATER - DERMAL 

RESIDENT (EXPOSED AS TRESPASSER/FlECREATlONM) ADULT 

CHEMCAL 

cw SA PC ET EF ED CF BW ATnc ATc clnnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

WR cm-2 cm/hr hr/d d/y y L mg/cm” 3 ug kg d d mglkgld mglkgld mglkgld (mglkg/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 
Barium 
Beryllium 

Cadmium 

Chromium 
CObSIt 

Copper 
Iron 
Nickel 

Vanadium 
Zinc 

33OE+o5 

5O6E+01 
?.54E+02 
f.lOE+Of 

376E+oi 

36OE+M 
1.2lE+02 

226E+O2 
2.24Ef05 
1.76E+02 

6.34EfO2 
1.62E+O3 

23ooO 

23000 
23LxYJ 

23ooO 

23090 
23CC9 

23099 

0.001 l ** 

0.001 l ** 
0.001 l ** 
0.001 l ** 

0.001 l ** 

0.001 l ** 

0.001 l ** 

0.001 *** 
0.061 l ** 
0.001 l ** 

0.061 l ** 

o.ooQ6 l 

0.2 20 30 lE-06 

0.2 26 30 lE-06 
0.2 20 30 IE-06 
0.2 26 30 IE-06 

0.2 26 30 lE-06 

0.2 28 30 1 E-06 
0.2 20 30 lE-06 

0.2 25 30 lE-06 
0.2 20 30 lE-06 

0.2 26 30 lE-06 

0.2 26 30 lE-06 

0.2 26 30 IE-06 

70 

70 
70 
70 

70 
70 

70 
70 

70 
70 

70 
70 

10959 25550 
10950 25550 
10950 25550 

10950 25550 
10950 25550 
10950 25550 

10950 25550 
10950 25550 
10950 25550 

10950 25550 
10950 25550 

8.32E-03 3.56E-03 2.90E+W -- 267E-03 0.75% 0.00% 
1.26E-06 5.47E-07 3.OOE-04 1.75E+OO 4.25E-03 9.57E-07 12.97% 65.16% 
1.90E-05 6.14E-06 7.OOE-02 -- 2.7fE-04 0.83% 0.00% 
2.77E-07 l.l9E-07 5.OOE-03 4.30E+OO 5.55E-05 5.lfE-07 0.17% 34.02% 
9.46E-07 4.06E-07 5.OOE-04 -- 1.9OE-03 5.70% 0.00% 
9.07E-06 3.89E-06 5.96E-03 -- 1.01 E-03 5.54% 0.00% 
3.05E-06 1.3lE-06 6.OOE-02 -- 5.06E-05 0.16% 0.00% 
5.70E-06 244E-06 3.7lE-02 -- 1.54E-04 0.47% 0.00% 
565E-03 2.42E-03 3.00E-01 -- i.fME-02 - 57.44% 0.00% 
4.44E-06 19OE-06 2.00E-02 -- 2.22E-04 0.60% 0.00% 
1.60E-05 665E-06 7.GOE-03 -- 2.26E-03 6.97% 0.00% 
2.45E-05 l.O5E-05 3.OOE-01 -- B.f7E-05 - 0.25% 0.00% 

TOTAL 3.25E-02 1.47E-06 160.00% 106.06% 

l Chemical specific dernal pemleability constant-estimated value, USEPA 1992 

l * Chemical specific dermal permeability constant-measured, USEPA 1992 
l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 

l *** Not available chemical specific derml pem-&ability consBnt (PC). Used PC of water, USEPA 1966 



CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES 
SITE 7 

NAVALAMPHIBIOUS BASE - LITTLECREEK 
VIRGINIA BEACH, VIRGINIA 

Zonstituent 

rOTAL DISSOLVE METALS 

:requencJ 
of 

Detection 

Range of Detected Federal 
Concentrations MCL 

(uslu (us/l) [a] 

Tap 

0 

Health 
rdvisory 

usm 

21 9 
41 9 
91 9 
11 9 
91 9 
31 9 
51 9 
61 9 
91 9 
91 9 
21 9 
91 9 
91 9 
21 9 

11OcQ 
0.038 

260 
0.016 

220 
140 

19.2 - 272.0 j 
2.5L - 16.1 0.01 a 
6.1 b - 101.0 b 

1.1 b 
6250.0 - 288000.0 

3.5 b - 24.6 b 
2.1 b - 8.3 b 

605.0 - 38300.0 j 
7110.0 - 520000.0 

46.2 - 1070.0 
0.15 b - 0.15 b 0.14 

6770.0 - 192000.0 
54700.0 - 4.7E+06 

34.9 - 307.0 I 1100 
L 

18 
1 .l 

50 
2000 

4 

1300 

2 

NORGANICS 
Aluminum 
Arsenic 
Barium [e] 
Beryllium 
Calcium 
Cobalt [e] 

%w= I4 
Iron 
Magnesium 
Manganese 
Mercury [e] 
Potassium 
Sodium 
Zinc 

Notes: 

YES 
50 YES 

1000 YES 
YES 
NO 
YES 

1000 YES 
YES 
NO 
NO 

0.05 YES 
NO 

270000 NO 
50 YES 

a. Federal MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentiation values obtained from July 11,1994 USEPA Region III Risk-Based 

Concentration Table except for aluminum which is obtained from the Januay 7,1994 RBC Table using a target hazard 
quotient of 0.1. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
e. Constituent concentation is five times greater than the maximum detected in blank (b). 

Virginia Ground Potentia 
Water Stds. Concerr 

@g/l) [d] 
!  



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM IffiESllON OF GROUNIlWATER 

SITE 7 

FUTURE SCENAFlO 

GROUNDWATER - INGESTION 
RESIDENT (EKPOSED AS TRESPASSEWRECREATIONAL) CHILD 

cw CR EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 
CHEMCAL 

TOTAL DISSOLVE METALS 
w/L Ud 4’ Y m9Jug kg d d mg/lcgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 
Barium 

Beryllium 
Cobalt 

copper 
Iron 

Mercury 
Zinc 

2.72E+O2 

1,61E+Ol 
1.01E+02 

l.iOE+OO 
2.46E+o1 

6,30E+00 
3..s3E+04 

1.5OE-01 
3.07E+02 

1 14 6 iE-03 15 2190 25550 
1 14 6 lE-03 15 2190 25550 

I 14 6 lE-03 15 2190 25550 
1 14 6 IE-03 15 2190 25550 

1 14 6 lE-03 15 2190 25550 
1 14 6 IE-03 15 2190 25550 

1 14 6 lE-03 15 2190 25550 
1 14 6 iE-03 15 2190 25550 

1 14 6 lE-03 15 2190 25550 

6.98E-04 
4.12E-05 

2.56E-04 
2.61E-06 

6,29E-05 
2.12E-05 

9.7QE-02 
3.64E-07 

7.65E-04 

59x-05 
3.53E-06 

Z.ZlE-05 
2.41E-07 

5.3QE-06 
1.62E-06 

6.39E-03 
3.29E-06 

6.73E-05 

2.QOE+00 -- 
3.00E-04 1.75E+OO 
7.OOE-02 -- 
5.OOE-03 4.30E+oO 

6.OOE-02 -- 

3.7lE-02 -- 
3.OOE-01 -- 
3.COE-04 -- 

3.OOE-01 -- 

2.4OE-04 

1.37E-01 
3.6x-03 
5.63E-04 

l.O5E-03 

5.72E-04 
3.26E-01 
1.26E-03 

2.62E-03 

-- 0.05% 

6.18E-06 26.97% 

-- 0.76% 
l.O4E-06 0.12% 

-- 0.22% 
-- 0.12% 
-- 68.92% 

-- 0.27% 

-- 0.55% 

0.00% 

65.63% 

0.00% 
14.37% 

0.00% 
0.00% 
0.00% 

0.00% 

0.00% 

TOTAL 4.74E-01 7.21E-06 100.00% 100.00% 



SUMMARY DF CHFtDNtC DAlLY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CAfIClNDGENlC RISKFROM INGESTION DF GAOUNNATER 

SITE 7 

FUTURE SCENAFPO 

GRDUNDWATER - INGESTlON 
RESIDENT (EXPOSED AS TRESPASSEWRECREATIONAL) ADULT 

cw CR EF ED CF BW ATnc ATc ccnnc cm RfD CSF HI CR % CONTRIB % CONTRIB 
CHEMCAL 

TOTAL DISSOLVE METALS 
m- Ud dly Y mglug kg d d mglkgld mglkgld mg/WJ (mg/kg/d) - 1 NC RISK CARC RISK 

Aluminum 
Arsenic 

Barium 
Beryllium 

Cobalt 

Copper 
Iron 
Mercury 

Zinc 

2.72E+02 

1.61E+Oi 
l.OiE+02 

i.lOE+OO 

2.46E+Ot 
&30E+OO 

383E+04 
1.50E-01 

3.07E+02 

2 28 30 lE-06 

2 26 30 lE-06 
2 26 30 .lE-06 

2 26 30 iE-06 

2 26 30 lE-06 
2 20 30 IE-06 

2 28 30 IE-06 
2 26 30 IE-06 

2 26 30 lE-06 

70 

70 
70 

70 

70 
70 

70 
70 

70 

10950 25550 5.96E-07 2.55E-07 

10950 25550 3.53E-08 1.51E-06 
10950 25550 2.21E-07 9.49E-08 

10950 25550 2.41E-09 1.03E-09 

10950 25550 5.39E-06 2.31E-08 

10950 25550 i.62E-08 7.60E-09 

10950 25550 6.39E-05 3.6OE-05 
10950 25550 !.29E-10 1.41E-10 

10950 25550 6.73E-07 2.66E-07 

2.9OE+00 - - 2.06E-07 -- 0.05% 
3.OOE-04 1.75E+OO l.tBE-04 2.65E-08 28.97% 

7.OfJE-02 -- 3.16E-06 -- 0.76% 
5.OOE-03 4.30E+OO 4.82E-07 4&E-09 0.12% 

6.OoE-02 -- 8.99E-07 -- 0.22% 
3.7lE-02 -- 4.90E-07 -- 0.12% 
3.COE-01 -- 2.6OE-04 -- 68.92% 
3.00E-04 -- i.iOE-06 -- 0.27% 
3.OOE-01 -- 2.24E-08 -- 0.55% 

0.00% 

85.83% 
0.00% 

14.37% 

0.00% 
0.00% 
0.00% 

0.00% 

0.00% 

TOTAL 4.06s04 3.09E-08 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARUNOGEMC RlSKFROM DERMALCONTACT WITH GROUNDWATER 

SITE 7 

FUTURE SCENAf40 

GFKNNDWATER - DERMAL 

RESIDENT (EKPOSED AS TRESPASSEWWCREAllONAL) CHIIJY 

CHEMCAL 

TOTAL DISSOLVE METALS 
Aluminum 

Arsenic 
Barium 

Beryllium 
Cobalt 

Copper 
Iron 

Mercury 
Zinc 

cw SA 

WR cm^Z 

2.72E+O2 7230 

161E+Ol 7280 
l.OiE+M 7280 
l.lOE+@J 7280 

2.46E+o1 7280 

830E+OO 7280 
383E+04 7280 

l.SOE-01 7280 
3.07E+02 7280 

PC 
cm/hr 

0.001 l ** 

0.001 l ** 

0.001 l ** 

0.001 l ** 

0.001 l ** 

0.001 *a* 

0.001 l ** 

0.091 l ** 
0.m ’ 

ET EF ED CF BW ATnc ATc CDlnc cm RID CSF 

hrld dly y Lmglcm”3 ug ka d d mglkgld mglkgld msncs/d 

0.2 

0.2 
0.2 
0.2 

0.2 

0.2 
0.2 
0.2 

0.2 

14 6 tE-06 

14 6 lE-06 
14 6 tE-06 
14 6 lE-06 
14 6 IE-06 

14 6 IE-06 
14 6 IE-06 
14 6 lE-06 
14 6 IE-06 

HI 

15 2190 25550 5.06E-06 4.34E-07 2.9OE+OO -- 1.75E-06 

15 2193 25550 3.COE-07 2.57E-08 3.OOE-04 1.75E+OO 9.QQE-04 

15 2190 25550 1.6aE-06 1.61E-07 7.OOE-02 -- 2.69E-05 
15 2190 25550 2.05E-0.5 1.76E-09 5.OOE-03 4.30E+OO 4.10E-06 

15 2190 25550 4.58E-07 3.9x-06 6.09E-02 -- 753E-06 
15 2190 25550 1.55E-07 1.32E-08 3.7iE-02 -- 4.16E-06 

15 2190 25550 7.13E-04 6.1iE-05 3.OOE-01 -- 2.38E-03 
15 2190 25550 2.79E-09 2.39E-10 3.OOE-04 -- 9.3lE-06 

15 2199 25550 3.43E-06 294E-07 3.00E-01 -- l.l4E-05 

CR % CONTRIB % CONTRIB 
NC RISK CARC RISK 

0.05% 

450E-03 29.03% 

0.70% 
7.55E-09 0.12% 

0.22% 
0.12% 

59.07% 
0.27% 

- 0.33% 

0.00% 

85.63% 

0.00% 
14.37% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

TOTAL 3.44E-03 5.25E-06 1 00.00% 100.00% 

l Chemical specific derrnsl’perm.sability constsnt-estimated value, USEPA 1992 

l * Chemical specific dermal permeability consrant-measured, USEPA 1992 
l ** Chemical specific dermal permeability constmt-default value, USEPA, 1992 
l *I* Chemical specific dermal permeability consbmt (PC) notavailable. Used water PC, USEPA 1992 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM DEFMAL CONTACT WITH GROUNDWATER 

SITE 7 

FUTURE SCENAMO 

GFIOUNDWATER - DERMAL 

RESIDENT (EXPOSED AS TFlESPASSER/RECREAllONbL) ADULT 

CHEMCAL 

TOTAL DISSOLVE METALS 

cw 
w- 

SA PC 

cmA2 cm/hr 

ET EF ED CF BW ATnc ATc CfJfnc CMC RID CSF HI CR % CONTRIB % CONTRIB 
hrld d/y y L mg/cm^3 ug kg d d mglkgld mgikg/d mgllcgld Owlkgld) - 1 NC RISK CARC AISK 

Aluminum 

Arsenic 

Barium 

Beryllium 

COtW 

Copper 

Iron 

Mercury 

Zinc 

TOTAL 

2.72E+O2 

1,61E+Ol 

l,OlE+02 

l.lOE+OO 

2.46E+o1 

830E+M) 

383E+04 

1.50E-01 

3.07E+02 

23090 0.001 l ** 

23090 0.001 l ** 

23000 0.001 l ** 

239IJO 0.001 l ** 

23009 0.061 l ** 

23009 0.001 l ** 

23OC6 0.001 l ** 

23090 0.001 l ** 

23000 0.0006 l 

0.2 20 30 

0.2 28 30 

0.2 20 30 

0.2 28 30 

0.2 28 30 

0.2 28 30 

0.2 20 30 

0.2 28 30 

0.2 28 30 

lE-06 70 10950 25550 

lE-06 70 10950 25550 

lE-06 70 10950 25550 

lE-06 70 10950 25550 

iE-06 70 10950 25550 

lE-06 70 10950 25550 

lE-06 70 10950 25550 

lE-06 70 10950 25550 

lE-06 70 10950 25550 

* Chemical specific derrrrrl permeability cc&ant-estimated value, USEPA 1992 

l * Chemical specificdermal permeability constant-measured, USEPA 1992 

‘** Chemical specific dermal pemreability co&ant-default value, USEPA, 1992 

**** Not available chemical specific dermal permeability constant (PC). Used PC of water, USEPA 1988 

6.86E-06 294E-06 29UE+OtJ -- 

4.06E-07 1.74E-07 3.oOE-04 1.75E+OO 

2.55E-06 l.O9E-06 7.OOE-02 -- 

2.77E-08 t.l9E-08 5.00E-03 4,30E+OLI 

6.20E-07 266E-07 B.OOE-02 - - 

2.09E-07 8.97E-08 3.71E-02 -- 

9.65E-04 4. i4E-04 39OE-01 -- 

3.70E-09 1.62E-09 3.00E-04 - - 

4.64E-06 199E-06 3.OOE-01 -- 

2.36E-06 - 0.05% 

1.35E-93 3.04E-07 29.03% 

3.64E-05 - 0.78% 

5.55E-06 5.11E-08 0.12% 

l.O3E-05 - 0.22% 

5.64E-06 - 0.12% 

3.22E-03 - 6907% 

1.26E-05 - 0.27% 

1.55E-05 - 0.33% 

4.66E-03 3.55E-07 100.00% 

0.00% 

85.63% 

O.CU% 

14.37% 

0.00% 

0.00% 

0.00% 

O.W% 

0.00% 

109.00% 



CCNSTR-UENTS DETECTED IN SURFACE WATERSAMPLES 
SiTE 7 

NAVALAMPHIBIOUS BASE - LB-TLECREEK 
VIRGINIA BEACH, VIRGINIA 

Constituent 

VOLATILES 
Acetone 

NORGANICS 
Aluminum 
Arsenic 
Barium [e] 
Calcium 
Cobalt [e] 

Copper 14 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Sodium 
Zinc 

iNIONS 
Alkalinity 
Bicarbonate alkalinity 
Chloride 
Sulfate 

rrequencl 
of 

Detection 

Range of Detected 
Concentrations 

(usll) 

31 6 15.0 - 31 .o 

51 6 3881 - 1690.0 j 
51 6 2.4 b - 10.3 

61 6 17.5b - 36.8 b 
61 6 22300 - 1.8E+05 
41 6 3.4b - 5.6 b 

41 6 5.3b - 14.1 b 
61 6 101Oj - 6890.0 j 

31 3 3.2j - 50.0 j 

61 6 28000 - 4.6E+05 

61 6 83.9 - 334.0 

61 6 8800 j - 1.8E+05 j 
61 6 184000 - 4.3E+06 

31 6 30.8 - 70.5 

61 6 
61 6 
61 6 
61 6 

78500.0 - 1.3E+05 
78500.0 - 1.3E+05 

7.OE+OS - 2.1 E+07 
1.2E+05 - 1.4E+06 

:ederal 
MCL 

t&J/J& 

O.OlE 

Tap 

[WI, [bl 

370 

11OOc 
0.036 

260 

220 
140 

18 

Health 
Advisory 

[CL (ugn) 

50 
2000 

1300 

1100 

NO 

YES 
50 YES 

2000 YES 
NO 
YES 

1300 YES 
300 YES 

15 YES* 
NO 

50 YES 
NO 
NO 

5000 YES 

Notes: 
a. Federal MCL concentration values represent USFederal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum which is obtained from the January 7. 1994 RBC table. 
c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 

publication “Drinking Water Regulations and Health Advisories.” 
d. Virginia Water Standards for public water supplies. 
l Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 
e. Constituent concentration is five times greater than the maximum detected in blank (b). 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARClNffiEMC RISKFROM INGESTION OF SUEACE WATER 

SITE 7 

CURRENT SCENARIO 

SlJFfACE WATER - INGESllON 

TRESPASSER CHILD 

CHEMCAL 
cw CR EF ED CF BW ATnc ATc ccinc 

w- W dlv Y mg/ug kg d d mglkgld 

Aluminum 

Arsenic 

Barium 

Coblt 
Copper 

Iron 

Manganese 

Zinc 

1.6X+03 

i.O3E+Oi 
3.fBE+Oi 

5.6OE+OO 

1.41 E+01 

6.69E+03 

3.34EtO2 

7.05EtOi 

2 350 6 IE-03 

2 350 6 jE-03 

2 350 6 iE-03 

2 350 6 iE-03 

2 350 6 IE-03 

2 350 6 1E-03 

2 350 6 iE-03 

2 350 6 IE-03 

15 2190 25550 2.16E-01 

15 2190 25550 1.32E-03 

15 2190 25550 4.?lE-03 

15 2190 25550 7.16E-04 

15 2190 25550 1.60E-03 

15 2190 25550 6.61E-Oi 
15 2190 25550 4.27E-02 

15 2190 25550 Q.OiE-03 

CDlc 
mglkgld 

RID CSF HI CR % CONTRIB % CONTRIB 
mg/kgld (mg/kg/d) - 1 NC RISK CARC RISK 

1..35E-02 

i.i3E-04 

4.03E-04 

6.14E-05 

1.55E-04 

7.55E-02 

3.66E-03 

7.73E-04 

2.QOE+OO - - 

3.oOE-04 1.75E+OO 

7.00E-02 - - 

6.OOE-02 -- 

3.71E-02 -- 

3.OOE-01 -- 

5.OOE-03 - - 

3.00E-01 - - 

7.45E-02 

4.3QEtOO 

6.72E-02 

l.lQE-02 
4.66E-02 

294EtOO 

6.54EtM) 

3.00E-02 

-- 0.46% 
iME-04 27.27% 

-- 0.42% 
-- 0.07% 

-- 0.30% 
-- 16.24% 

-- 53.05% 

-- 0.1996 

0.00% 

1W.W% 

0.00% 
0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

TOTAL 1.61EtOi 1 ME-04 iOO.W% iOQ.W% 



SUMMARY OF CHfiDMC DAILY INTAKE (CDI) AND POlENllAL NONCARCINOGENIC 

AND CAFICINDGENIC RlSKFROM INGESTlON OF SUAACE WATER 

SITE 7 

CURRENT SCENAAIO 

SUEACE WATER - INGESTION 

TRESPASSER ADULT 

CHEMCAL 

cw CR EF ED CF BW ATnc ATc CDhc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

u!G Ud dh’ Y mglug kg d d mghgld mglkgld mgikgld (mg/kg/d) - 1 NC RISK CARC RISK 

Aluminum 
Arsenic 

Barium 

Cobalt 

Copper 
Iron 

Manganese 

Zinc 

iBE+ 
t.O3E+Ol 

3.66E+Ol 
5.6OE+OO 

1.41E+Ol 

6.69E+03 
3.34E+02 

7.05E+Ol 

30 

30 

30 
30 

30 

30 
30 

30 

lE-06 

IE-06 

lE-06 
iE-06 

tE-0’3 

lE-06 
IE-06 

iE-06 

70 

70 

70 
70 

70 

70 
70 

70 

10950 25550 4.63E-05 1 ME-05 

10950 25550 2.62E-07 1.21E-07 

10950 25550 i.OiE-06 4.32E-07 
10950 25550 1.53E-07 6.56E-06 

10950 25550 3.86E-07 1.66E-07 

10950 25550 1.89E-04 6.09E-05 
10950 25550 9.15E-06 3.92E-06 

10950 25550 1.93E-06 6.26E-07 

2.9OE+OO - - 1.6OE-05 -- 0.46% 
3.OflE-04 1.75E+OO 9.41E-04 2.12E-07 27.27% 
7.OOE-02 -- l&E-05 -- 0.42% 
6.OOE-02 -- 2.56E-06 -- 0.07% 
3.71E-02 -- i.O4E-05 -- 0.30% 
3.OOE-01 -- 6.29E-04 -- 16.24% 
5.00E-03 -- 1.83E-03 -- 53.05% 

3.OOE-01 -- 6.44E-06 -- 0.19% 

0.00% 

100.00% 

0.00% 
0.00% 

O.oil% 

0.00% 
0.00% 

0.00% 

TOTAL 3.45E-03 2.12E-07 iOO.oO% fOO.OQ% 



SUMMARY OF CHRONIC DPJLY INTAKE (CDI) AND POTENTIAL NONCARCINCGENIC 
AND CARCiNOGENtC RISK FROM DERMAL CONTACT WITH SWlFACE WATER 

SITE 7 

CURRENT SCENARIO 
SUl+ACE WATER - DERMAL 

TRESPASSER CHILD 

CHEMCAL 
cw SA PC ET EF ED CF EIW ATnc ATc CWnc CDIC RfD CSF HI CR % CONTRl8 % CONTRIB 

w- cmA2 cm/hr hr/d d/y y L mg/cm^3 ug kg d d mglkgld mgikgld mg/kg/d (mg/kg/d)- 1 NC RISK CARC RISK 

Aluminum 
Arsenic 

Barium 
Cobalt 

Copper 

Iron 

Manganese 

Zinc 

1.69E+03 

l.O3E+Oi 

366E+Ol 

56UE+OO 
1.41E+Oi 

669E+o3 
3.34E+02 

7.05E+Oi 

7260 0.001 l *b 2.6 
7260 0.001 ‘** 2.6 

7280 0.001 ‘1. 2.6 
7280 0.001 l ** 2.6 
7260 o.oa l I t* 2.6 

7200 0.001 l ** 2.6 
7260 0.001 *** 2.6 

7260 0.0006 * 2.6 

350 

350 

350 
350 

350 

350 
350 

350 

IE-06 

lE-06 

lE-06 
lE-06 

iE-06 

lE-06 
IE-06 

iE-06 

15 
15 

15 

15 
15 

15 

15 
15 

2190 
2190 

2190 

2190 
2190 

2190 

2190 
2190 

25550 7.07E-04 6.74E-05 2.90E+OO - - 
25550 4.79E-06 4,11E-07 3.09E-04 1.75E+OO 
25550 1.71E-05 1.47E-06 7.OOE-02 -- 
25550 2.61E-06 2.23E-07 6.OOE-02 -- 
25550 6.56E-06 5.62E-07 3.7iE-02 -- 
25556 3.21E-03 2.75E-04 3.OOE-01 -- 
25550 1.55E-04 1.33E-05 5.00E-03 -- 
25550 1.97E-05 169E-06 3.OOE-01 -- 

2.71E-04 0.46% 
1.60E-02 7.19E-07 27.29% 
2.45E-04 0.42% 
4.34E-05 - 0.07% 
1.77E-04 0.30% 

l.O7E-02 16.25% 
3.11E-02 53.09% 
6.56E-05 0.11% 

0.00% 

100.00% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 
0.00% 

TOTAL 5.86E-02 7.19E-07 19O.M1% 100.00% 

l Chemical specific derrral permeability constant-estimated, USEPA 1992 

l * Chemicel specific dermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 
l *** Chemical specific dermal permeability constant (PC) not available, Used water PC, USEPA 1992. 



SUMMARY OF CHRONIC DAILY INTAKE (CM) AND PDTENTtAL NONCARCINOGENIC 
AND CARCINOGENIC RfSK FRDM DEAMAL CONTACT WITH SUFFACE WATER 

SITE 7 

CURRENT SCENARfO 

SUffACE WATER - DERMAL 
TRESPASSER ADULT 

CHEMCAL 

cw SA PC 

WR cm-2 cmlhr 
ET EF ED CF BW ATnc ATc CDfnc CDIC WD CSF HI CR % CONTRIB % CONTRIB 

hr/d d/y y L mg/cm^3 ug kg d d mglkgld mglkgld mglkgld (mgFg/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 
Cobalt 

Copper 

Iron 
Manganese 

Zinc 

1.69E+o3 

l.O3E+Of 

366E+Ol 
56OE+O6 

1.4lE+Ol 

6.69E+O3 
3.34E+O2 

7.05E+Ol 

23006 0.001 l ** 2.6 359 30 

23OC6 0.001 l ** 2.6 350 30 

23009 0.001 l ” 2.6 350 30 

23006 0.001 l ** 2.6 350 30 

23000 0.001 l ** 2.6 350 30 

23063 0.001 l ** 2.6 356 30 

23000 0.001 l ** 2.6 350 30 

23009 0.0606 l 2.6 350 30 

IE-06 
lE-06 

lE-06 

IE-06 
lE-06 

iE-06 

lE-06 

IE-06 

70 
70 

70 

70 
70 

70 

70 

70 

10950 25550 532E-04 2.26E-04 29OE+OO -- 
10950 25556 3.25E-06 1.39E-06 3.OOE-04 1.75E+OO 
10950 25550 1.16E-05 4.97E-06 7.06E-02 - - 

10950 25550 1.76E-06 7.56E-07 6.OOE-02 - - 
10950 25550 4.44E-06 1.90E-06 3.71E-02 -- 
10950 25550 2.17E-03 9,30E-04 3.OOE-01 -- 
10950 25550 l.O5E-04 4.51E-05 5.00E-03 -- 

10956 25550 1.33E-05 5.7lE-06 3,00E-01 -- 

1.64E-04 0.46% 

l.OBE-02 2&E-06 27.29% 

1.66E-04 0.42% 
294E-05 0.07% 
1.2OE-04 0.30% 
7.24E-03 16.25% 
2.10E-02 53.09% 
4.44E-05 0.11% 

0.00% 
100.00% 

0.00% 

0.00% 

0.00% 
0.00% 

0.00% 

0.00% 

TOTAL 396E-02 2.43E-06 100.00% 100.00% 

l Chemical specific derrral permeability consfant-estimated, USEPA 1992 

l * Chemical specific dermai permeability constant-measured, USEPA 1932 

l ** Chemical specific dermal permeability con&ant-default value, USEPA, 1992 
l *** Chemical spedfic dermal permeability consfant (PC) not available. Used water PC, USEPA 1992. 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CAFKINODENIC RISKFROM INGESTION OF SUAACE WATER 

SITE 7 

FUTURE SCENAAO 

SUffACE WATER - INGESllON 

RESIDENT CHILD 

CHEMCAL 

cw 
w- 

CR EF ED CF EW ATnc ATc CDlnc CDiC RlD CSF HI CR % CONTRIB % CONTRIB 

Ud d/y Y mglug kg d d mglkgld mgfigld mglkgld Prig/kg/d) - 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 
Cobalt 

Copper 
Iron 

Manganese 
Zinc 

i.69E+o3 

1.03E+Oi 

3.68E+Ol 
56UE+W 

1.41E+Ol 
68QE+O3 
3.34E+02 

7.05E+Ol 

350 

350 

350 
350 
350 

350 
350 

350 

6 

6 

6 
6 
6 

6 
6 

6 - 

IE-03 

lE-03 

lE-03 
lE-03 
IE-03 

1 E-03 
lE-03 

iE-03 

15 

15 

15 
15 
15 

15 
15 

15 

2190 25550 2.16E-01 1.85E-02 

2190 25550 1.32E-03 l.l3E-04 

2190 25550 4.71E-03 4.03E-04 
2190 25550 7.16E-04 6.14E-05 

2190 25550 l.EOE-03 1.55E-04 

2190 25550 6.81E-Of 7.55E-02 
2190 25550 4.27E-02 3.66E-03 

2190 25550 9.01 E-03 7.73E-04 

2.90E+OiJ -- 7.45E-02 -- 0.46% 
3.OOE-04 1.75E+CG 4.39E+oO 1.98E-04 27.27% 
7.M)E-02 - - 6.72E-02 -- 0.42% 
6.OOE-02 -- l.l9E-02 -- 0.07% 
3.7iE-02 -- 4.66E-02 -- 0.30% 
3.OOE-01 -- 2.94E+OO -- 18.24% 
5.OOE-03 -- &54E+OO -- 53.05% 
3.00E-01 -- 3.OOE-02 -- 0.19% 

0.00% 
100.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

TOTAL 1.61E+Ol 1.98E-04 100.00% 100.00% 



SUMMARY OF CHROMC DPJLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM INGESllON OF SURACE WATER 

SITE 7 

FUTURE SCENAAO 

SUFFACE WATER - INGESTION 
RESIDENT ADULT 

CHEMCAL 
cw 

w- 

CR EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

Ud dN Y mg/ug kg d d mgIWd mgikgld mglkgld (mwkg/d)- 1 NC RISK CARC RISK 

Aluminum iBE+ 2 350 30 lE-06 70 10950 25550 4.63E-05 1.96E-05 2.9OE+00 -- l.t?OE-05 -- 0.46% 0.00% 

Arsenic l.O3E+Oi 2 350 30 lE-06 70 10950 25550 2.82E-07 1.21 E-07 3.00E-04 1.75E+OO 9.41E-04 2.12E-07 27.27% 100.00% 
Barium 3.68E+Ol 2 350 30 lE-06 70 10950 25550 l.OiE-06 4.32E-07 7.OOE-02 -- 1.44E-05 -- 0.42% 0.00% 

cobalt 5.6QE+OO 2 350 30 lE-06 70 10950 25550 1.53E-07 658E -08 6.00E-02 -- 2.56E-06 -- 0.07% 0.00% 

Copper 1.4iE+Oi 2 350 30 lE-06 70 10950 25550 3.86E-07 1.66E-07 3.71E-02 -- 1.04E-05 -- 0.30% 0.00% 

Iron 6.89E+O3 2 350 30 IE-06 70 10950 25550 1.89E-04 8.0X-05 3.00E-01 -- 6.29E-04 -- 18.24% 0.00% 
Manganese 3.34E+02 2 350 30 iE-06 70 10950 25550 9.15E-06 392E-06 5.00E-03 -- 1.83E-03 -- 63.05% 0.00% 
Zinc 7.05E+Oi 2 350 30 iE-06 70 10950 25550 1.93E-06 8.28E-07 3.COE-01 -- 6.44E-06 -- 0.19% 0.00% 

TOTAL 3.45E-03 2.12E-07 1 00.00% 100.00% 



SUMMARY OF CHHDNtC DAtLY INTAKE (CDI) AND PDTENTtAL NDNCAHClNOGENtC 
AND CABCtNDGENlC TUSKFROM DEHMALCONTACT WITH SWACE WATER 

SITE 7 

FUTURE SCENAFgO 
SUFlFACE WATER - DEHMAL 

RESIDENT CHKD 

CHEMCAL 
cw SA PC ET EF ED CF f3W ATnc ATc CDtnc cm BtD CSF HI CR % CONTRIB % CONTRIB 

UN cm-2 crnhr hrld dly y L mglcm^3 ug kg d d mglkgld mglkgld mg/kg/d (mg/kg/d)- 1 NC RISK CARC BlSK 

Aluminum 

Arsenic 

Barium 
cobalt 

Copper 

Iron 
Manganese 

i.SE+O3 

l.O3E+Ot 

366E+Ol 
5.69E+OO 

1.41E+Oi 
6,89E+O3 

334E+02 
Zinc 7.05E+Ol 

7260 0.001 l ** 

7280 0.001 l ** 

7260 0.001 l ** 

7260 0.001 l ** 

7260 o.ooi l ** 

7260 0.001 l ** 

7260 0.001 l a* 

7260 o.ooo6 l 

2.6 350 6 

,2.6 350 6 
2.6 350 6 

2.6 350 6 
2.6 350 6 

2.6 350 6 
2.6 350 6 

2.6 350 6 

iE-06 15 

lE-06 15 

lE-06 15 

iE-06 15 

lE-06 15 

lE-06 15 
lE-06 15 

lE-06 15 

2190 25560 7.07E-04 6.74E-05 2SOE+OO -- 2.7tE-04 - 
2190 25550 4.79E-06 4.iiE-07 3. WE-04 1.75E+CN 1.6oE-02 7.19E-07 
2190 25550 1.71E-05 1.47E-06 7.00E-02 -- 2.45E-04 - 
2190 25550 2.61E-06 2.23E-07 6,CMJE-02 -- 4.34E-05 - 
2190 25550 6.56E-06 5.62E-07 3.71E-02 -- 1.77E-04 - 

2190 25550 3.21E-03 2.75E-04 3.00E-01 -- t.O7E-‘b2 - 
2190 25550 1.55E-04 1.33E-05 5.OOE-03 -- 3.11E-02 - 
2190 25550 1.97E-05 1.69E-06 3.OOE-01 -- 6.56E-05 - 

0.46% 0.00% 

27.29% 100.00% 

0.42% 0.00% 
0.07% 0.00% 

0.30% 0.00% 

18.25% 0.00% 
53.09% 0.00% 

0.11% 0.00% 

TOTAL 5.86E-02 7.19E-07 100.00% iW.MI% 

l Chemical specific derrrel permeability constant-estimated, USEPA 1992 

** Chemical specificdermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 
l *** Chemical spedfic dermal permmbility constant (PC) notavailable. Used water PC, USEPA 1992. 



SUMMARY CF CHRONIC DAlLY INTAKE (CDI) AND PDTENTtAL NONCARCINDGENIC 

AND CARCtNDGENfC RtSK FROM DERMAL CONTACT WITH SU~ACE WATER 

SITE 7 

FUTURE SCENARO 
SUffACE WATER - DERMAL 

RESIDENT ADULT 

CHEMCAL 

cw SA PC 

ugR cmA2 cm/hr 

ET EF ED CF EtW ATnc ATc CDfnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 
hr/d djy y Lmg/cm”3ug kg d d mgikgld mglkgld mglkgld (mgikgld)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 
cobalt 

Copper 
Iron 

Manganese 

Zinc 

1.6QE+O3 

l.O3E+Ol 
365E+Oi 

56QE+OO 
1.4lE+Ol 

6,69E+03 

3.34E+O2 

7.05E+Ol 

23006 0.001 l ** 

23ooo 0.001 l ** 

23000 0.001 ‘** 

23OC6 0.001 l ** 

23000 0.001 l *’ 

23000 0.001 l ** 

23OQO 0.001 l ‘* 

23OQU O.ooo8’ 

2.6 350 30 lE-06 

2.6 350 30 IE-06 
2.6 350 30 IE-06 

2.6 350 30 lE-06 
2.6 350 30 fE-06 

2.6 350 30 IE-06 

2.6 350 30 lE-06 

2.6 350 30 IE-06 

70 
70 

70 
70 

70 

70 

70 
70 

10950 25550 5.32E-04 
10950 25550 3.25E-06 
10950 25550 l.l6E-05 
10950 25550 1.76E-06 
10950 25550 4.44E-06 

10950 25550 2.17E-03 

10950 25550 1.05E-04 
10950 25550 1.33E-05 

2.26E-04 2,QOE+OO -- 1.64E-04 - 

1.3QE-06 3.OOE-04 1.75E+OO f.O8E-02 2&E-06 
4.97E-06 7.OOE-02 -- 166E-04 - 
7.56E-07 6.OOE-02 -- 2.Q4E-05 - 
l.QxE-06 3.7iE-02 -- 1.20E-04 - 
93QE-04 3.OQE-01 -- 7.24E-03 - 
4.51E-05 5.OOE-03 -- 2.lOE-02 - 

5.7lE-06 3.OOE-01 -- 4&E-05 - 

0.46% 0.00% 

27.29% 100.00% 
0.42% 0.00% 

0.07% 0.00% 
0.30% 0.00% 

16.25% 0.00% 
53.09% 0.00% 

0.11% 0.00% 

TOTAL 3Q6E-02 2&E-06 100.00% 100.00% 

l Chemical specific dermsl permeability constant-estimated, USEPA 1992 

l * Chemical specific demlal permeability con&ant-measured, USEPA 1992 
l ** Chemical specific dermal permeability cons&ant-default value, USEPA, 1992 
**** Chemical specific dermal permeability constant (PC) not available. Used water PC, USEPA 1992. 



CONSTITUENTS DETECTED IN SEDIMENT SAMPLES 

SITE 7 

NAVAL AMPHIBIOUS BASE - LllTLE CREEK 

VIRGINIA BEACH, VIRGINIA 

Constituent 

lOLATILES 

Methylene chloride 

Acetone 

Carbon disuhide 

P-Butanone 

Toluene 

NORGANICS 

Aluminum 

Arsenic 

Barium [b] 

Beryllium [b] 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Nickel [b] 

Potassium 

Silver 

Sodium 

Vanadium 

Zinc 

rNlONS 

Alkalinity 

Bicarbonate alkalinity 

Chloride 

Sulfate 

Frequency Range of Detected Residential 

of Concentrations Soil Cont. 

Detection @w/kg) (mg/kg) [a] 

l/ 6 

11 6 

11 6 

31 6 

21 6 

8.50E+Ol 

7.80E +02 

7.80E+O: 

0.012 

0.001 

7E-03 j 

4E-01 j 

4E-03 j 

7E -02 

5E-03 1.60E +03 

61 6 

61 6 

61 6 
21 6 
31 6 

51 6 
61 6 
41 6 

61 6 
61 6 
61 6 
61 6 
61 6 
51 6 
61 6 
II 6 
61 6 
51 6 
51 5 

221 

1.2 b 

1.6 b 

0.28 b 

2.3 

214 

1.5 j 

0.94 j 

0.89 

1060 

1.7 j 

78.7 

2.7 b 

3.3 b 

45.3 

6520.0 

8.6 

23.8 

0.4 

3.1 

1500.0 

10.1 

3.4 

42.9 

- 1.4E+04 

31.1 

2680.0 

67.2 

7.6 

1350.0 

0.8 j 

5160.0 

23.2 

2.30E+04 

3.70E-01 

5.50E +02 

1.50E-01 

3.90E+Ol 

3.90E +Ol 

4.70E+02 

2.90E+02 

3.90E+Ol 

1.60E +02 

3.90E+01 

299 

5.4 b 

29.5 - 213.0 

5.50E+Ol 

2.30E +03 

21 6 
21 6 
61 6 
51 6 

0.10 - 6.3E-01 

0.10 - 6.3E-01 

0.55 - 7.5E+OO 

0.14 - 1.2E +00 

Potentia 

Concerr 

NO 

NO 

NO 

NO 

NO 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES* 

NO 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

Notes: 

a. Residential Soil Concentration values obtained from July 11,1994 USEPA Region III Risk-Based 

Concentration Table except for aluminum where it is obtained from the January 11,1994 RBC Table 

using a target haxard quotient of 0.1 and a target cancer risk of 1 e-06. 

b. Constituent concentration is fNe times greater than the maximum detected in blank (b). 

* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCAFKXNOGENlC 

AND CARUNOGEMC WSKFFKW lNGE!XlON OF SEDlMENT 

SITE 7 

CURRENT SCENARIO 

SEIXMENT - IffiESTlON 
TRESPASSER CHlLD 

CHEMCAL 

cs II? FI EF ED CF SW ATnc 

mslks mgld dlL Y kglmg kg d 

ATc CDlnc cm RID CSF HI CR % CONTRIB % CONTRIS 
d mgikgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Aluminum 652E+03 100 1 14 6 iE-06 15 2190 25550 i.67E-03 1.43E-04 2.9OEfOO -- 5.75E-04 -- 2.14% 0.00% 

Arsenic B.B)E+OO 100 1 14 6 IE-06 15 2190 25550 2.20E-06 1.86E-07 3.OOE-04 1.75E+OO 7.33E-03 3.30E-07 27.23% 09.74% 

Barium 238E+Ol 100 1 14 6 1E-06 15 2103 25550 6.09E-06 5.22E-07 7,CQE-02 -- &BE-05 -- 0.32% 0.00% 

Beryllium 4.COE-01 100 1 14 6 lE-06 15 2190 25550 l.O2E-07 6.77E-09 5.OOE-03 4.30E+OO 2.05E-05 3.77E-08 0.00% 10.26% 

Cadmium 3.lOE+OO 100 1 14 6 lE-06 15 2190 25550 7.9x-07 6.79E-06 5.OOE-04 - - 1.59E-03 -- 5.69% 0.00% 

Chromium l.OlE+Ol 100 1 14 6 IE-06 15 2190 25550 2.56E-06 2.2lE-07 5.OOE-03 - - 5.17E-04 -- 192% 0.00% 

Cobalt 3.4OE+OO IC’J 1 14 6 iE-06 15 2190 25550 6.69E-07 7.45E-06 6.OOE-02 -- 1.45E-05 -- 0.05% 0.00% 

Copper 4.29E+Oi 100 1 14 6 IE-06 15 2190 25550 i.lOE-05 9.4OE-07 3.71E-02 -- 2.96E-04 -- 1.10% 0.00% 
Iron IME+ 1M) 1 14 6 IE-06 15 2190 25550 3.58E-03 3.07E-04 3.OOE-01 -- 1.19E-02 -- 44.33% 0.00% 

Manganese 6.72E+Ol 100 1 14 6 iE-06 15 2190 25550 1.72E-05 1.47E-06 5.OOE-03 -- 3.44E-03 -- 12.77% 0.00% 

Nickel 7.SJE+OO 100 1 14 6 lE-06 15 2190 25550 1.94E-06 1.67E-07 2.OOE-02 -- 9.72E-05 -- 0.36% 0.00% 
Vanadium 2.32E+Ol 100 1 14 6 IE-06 15 2190 25550 5.93E-06 5.08E-07 7.OOE-03 -- &47E-04 -- 3.15% 0.00% 

Zinc 2.13E+02 100 1 14 6 iE-C+3 15 2190 25550 5.45E-05 4.67E-06 3.OOE-Ol -- 1.62E-04 -- 0.67% 0.00% 

TOTAL 2.69E-02 3.66E-07 100.00% iW.OQ% 



SUMMARY OF CHRONIC DAILY INTAJCE (01) AND POlENllAL NONCARCI~OGENIC 
AND CARCINOGENIC RISKFROM INGESTlON OF SEDIMENT 

SITE 7 

CURRENT SCENARIO 

SEMMENT - INGESllON 
TRESPASSER ADULT 

CHEMCAL 

CS 

w/kg 

IR FI EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 
mgld W Y kglmg kg d d mg/kg/d Wkgld mglkgld (w/kg/d)- 1 NC RISK CARC RISK 

Aluminum 
Arsenic 

Barium 

Beryllium 
Cadmium 

Chromium 

Cohlt 
Copper 

Iron 
Manganese 

Nickel 
Vanadium 

Zinc 

6SZE+03 

6.6UE+OO 

236E+Ol 
4.OOE-01 

3.10E+GQ 

l.OlE+Ol 
3.4OE+OO 

4.2QE+Ol 
1.4OE+04 

6.72E+Oi 
7.6OE+M) 

2.32E+Of 

2.13E+02 

50 1 26 30 lE-06 

50 1 28 30 IE-06 

50 1 26 30 IE-06 
50 1 26 30 IE-06 

50 1 26 30 lE-06 

50 1 26 30 lE-06 
50 1 26 30 lE-06 

50 1 26 30 iE-06 
50 1 28 30 lE-06 

50 1 28 30 lE-06 
50 1 26 30 lE-06 

50 1 28 30 IE-06 
50 1 26 30 iE-06 

70 

70 

70 
70 

70 

70 
70 

70 
70 

70 
70 

70 
70 

10950 
10950 

10950 

10950 
10950 

10950 
10950 

10950 
10950 

10950 

10950 

25550 3.57E-04 1.53E-04 

25550 4.7lE-07 2,02E-07 

25550 1.3OE-08 5.59E-07 
25550 2.1 QE-08 9.3QE-OQ 

25550 1.70E-07 7.28E-08 

25550 5.53E-07 2.37E-07 
25550 1.66E-07 7.9BE-08 

25550. 2.35E-06 i.OlE-08 
25550 7.67E-04 3.2QE-04 
25550 3.66E-06 1.56E-06 
25550 4.16E-07 1.76E-07 
25550 1.27E-06 5.45E-07 
25550 1.17E-05 S.OOE-06 

2.90E+OO -- 1.23E-04 -- 2.14% O.W% 
3.OOE-04 1.75E+OO 1.57E-03 3.53E-07 27.23% 69.74% 
7.OOE-02 -- 1.66E-05 -- 0.32% 0.00% 
5.00E-03 4.30E+W 4.36E-06 4.04E-06 0.08% 10.26% 
5.OOE-04 -- 3.4OE-04 -- 5.69% 0.00% 
5.OOE-03 -- l.liE-04 -- 1.92% 0.00% 
6.OOE-02 -- 3.1lE-06 -- 0.05% 0.00% 
3.71E-02 -- 6.34E-05 -- 1.10% O.W% 
3.OOE-01 -- 2.56E-03 -- 44.33% O.W% 
5.OOE-03 -- 7.36E-04 -- 12.77% O.W% 
2.OOE-02 -- 2.06E-05 -- 0.36% O.W% 
7.OOE-03 - - 1.82E-04 -- 3.15% O.W% 
3.OOE-01 -- 3.8QE-05 -- 0.67% 0.00% 

TOTAL 5.77E-03 3.Q4E-07 1 00.00% iW.W% 



SUMMARY ff CHRONIC DAJLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SEDIMENT 

SITE 7 

CURRENT SCENARIO 

SEDlMENT - DERMAL 

TRESPASSER CHILD 

CHEMCAL 
cs SA N ABS EF ED CF EW ATnc ATc CDlnc CDIC Rm CSF HI CR % CONTRIB % CONTRIB 

mslb3 cm^Z rng/cm^2 dlv Y W-w kg d d mglkgld mglkgld mglkgld (mglkgldl- 1 NC RISK CARC RISK 

Aluminum 
Arsenic 

Barium 
Beryllium 

Cadmium 

Chromium 
Cobalt 

Copper 
Iron 

Manganese 
Nickel 

Vanadium 

6.52E+O3 

6.@JE+OO 

2.36E+Oi 
4.00E-01 
3.10E+OO 

l.OlE+Ol 

3.4OE+OO 

4.2x+01 
l/lOE+04 
672E+Oi 

7.6OE+OO 
2.32E+Ol 

1820 

1620 

1620 
iwu 
1620 

1620 
1620 

1620 

1620 
1620 

1820 
1620 

1 0.001 14 6 lE-06 15 2190 25550 3.03E-05 2.60E-06 2.9OE+OO -- 

1 0.001 14 6 IE-06 15 2190 25550 4.OOE-06 3.43E-09 3.OOE-04 1.75E+OO 

1 0.001 14 6 lE-06 15 2190 25550 l.ilE-07 9.49E-09 7.OOE-02 -- 
1 0.001 14 6 lE-06 15 2190 25550 1.66E-09 itOE-lo 5.OOE-03 4.3OE+OO 
1 0.001 14 6 lE-06 15 2190 25550 1.44E-08 1.24E-09 5.OOE-04 - - 
1 0.001 14 6 iE-06 15 2190 25550 4.70E-06 4.03E-09 5.00E-03 -- 
1 0.001 14 6 IE-06 15 2190 25550 1.58E-08 1.36E-09 6.OOE-02 -- 
1 0.001 14 6 lE-06 15 2193 25550 Z.OOE-07 1.71E-06 3.71E-02-- 
1 0.001 14 6 lE-06 15 2190 25550 6.52E-05 5.56E-06 3.OOE-oi -- 
1 0.001 14 6 lE-06 15 2190 25550 3.13E-07 2.66E-08 5.00E-03 -- 
1 0.001 14 6 lE-Of? 15 2190 25550 3.54E-08 3.03E-09 2.OOE-02 -- 
1 0.001 14 6 lE-06 15 2190 25550 l.OBE-07 9.25E-09 7.OOE-03 -- 

l.O5E-05 - 2.14% 
1.33E-04 6.OoE-09 27.23% 
1.56E-06 - 0.32% 
3.72E-07 6.66E-10 0.08% 
2.69E-05 - 5.69% 
9.4OE-06 - 1.92% 
2.64E-07 - 0.05% 
5.38E-06 - 1.10% 
2.17E-04 - 44.33% 
6.25E-05 - 12.77% 
1.77E-06 - 0.36% 
1.54E-05 - 3.15% 

0.00% 

09.74% 

0.00% 

10.26% 

0.00% 

0.00% 
0.00% 

0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

Zinc 2.13E+02 1820 1 0.001 14 6 lE-06 15 2190 25550 9.91 E-07 8.5OE-08 3.OOE-Ol-- 330E-06 - 0.67% 0.00% 

TOTAL 4.90E-04 6.5X-09 100.00% 1 00.00% 



SUMMARY OF CHAONIC DAtLY INTAKE (CDI) AND POTENTtAL NONCA~UINOGENIC 

AND CARCtNOGEMC RtSK FROM DERMAL CONTACT WITH SEDtMENT 

SITE 7 

CURRENT SCENARtO 

SEDlMENT - DERMAL 

TRESPASSER ADULT 

CHEMCAL 

CS SA AF ABS EF ED CF BW ATnc ATc CGinc CDIC RIO CSF HI CR % CONTRIB % CONTRIB 

w/kg cm^2 mg/cm^2 NY Y  kglmg kg d d mglkgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Nickel 

Zinc 

652E+03 

66UE+OO 

236E+Ol 

4.OOE-01 

3tOE+OO 

l.OiE+Ol 

3.4QE+OO 

429E+Ol 

1.4OE+04 

672E+Ol 

7.60E+O’J 

232E+Oi 

2.13E+M 

1 0.001 28 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 28 30 

1 0.001 20 30 

1 O.Wl 26 30 

1 0.001 28 30 

1 0.001 26 30 

IE-06 70 10950 25550 4.14E-05 

IE-06 70 10950 25550 5.47E-00 

IE-06 70 10950 25550 1.5lE-07 

iE-06 70 10950 25550 2.54E-09 

tE-06 70 10950 25550 l.Q7E-06 

IE-06 70 10950 25550 6.42E-06 

lE-06 70 10950 25550 2.16E-06 

IE-06 70 10950 25550 2.73E-07 

lE-06 70 10950 25550 8.93E-05 

IE-06 70 10950 25550 4.27E-07 

IE-06 70 10950 25550 4.83E-06 

IE-66 70 10950 25550 1.47E-07 

lE-06 70 10950 25550 1.35E-06 

1.76E-05 2QOE+C6 -- 1.43E-05 

2.34E-06 3.OQE-04 1.75E+OO 1.62E-04 

646E-06 7.00E-02 -- 2.16E-06 
l.OQE-09 5.OOE-03 4.30E+O6 5.06E-07 

644E-OQ 5.OOE-04 - - 3Q4E-05 
2.75E-06 5OQE-03 -- 1.26E-05 

9.26E-09 B.OOE-02 -- 3.6OE-07 

1.17E-07 3.7tE-02 -- 7.35E-06 

3.61E-05 3.OOE-01 -- 2.97E-04 

163E-07 5OOE-03 -- 8.54E-05 

2.07E-06 2.OOE-02 -- 2.42E-06 
6.32E-06 7.OQE-03 -- 2.llE-05 

5.80E-07 3.OQE-Ol-- 4.51E-06 

2.14% 

4. tOE-06 27.23% 

0.32% 

4.6QE-09 0.08% 

5.69% 

1.92% 

0.05% 

1.10% 

44.33% 

12.77% 
- 0.36% 

3.15% 

0.67% - 

0.00% 

89.74% 

0.00% 

10.26% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

TOTAL 6.6QE-04 4.57E-06 100.00% !OO.W% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCAFICINOGENIC 

AND CARCINOGEMC RlSKFROM INGESTION OF SEDIMENT 

SITE 7 

FUTURE SCENAWO 

SEDlMENT - INGESTlON 

RESIDENT CHILD 

CHEMCAL 

cs 

mglks 

IR FI EF ED CF BW ATnc ATc CDlllC cm RfD CSF HI CR % CONTRIB % CONTRIB 
mgld dly Y kglmg kg d d mglkgld mglkgld mglkgld hYWd)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 
Barium 

Beryllium 

Chromium 

Cotalt 
Copper 

Manganese 

Nickel 
Vanadium 

Zinc 

652E+03 

&6OE+OO 
236EiOl 

4.OOE-01 
3.lOE+M) 

l.OlE+Ol 

3.4OE+OO 
4.29E+Oi 

IME+ 
6.72E+Oi 

7.@JE+OO 
232E+Ol 

2.13E.t.02 

100 

100 
1W 
100 

100 

100 
100 

100 
100 

100 
100 

100 
loo 

1 14 6 iE-06 
1 14 6 iE-06 
1 14 6 lE-06 
1 14 6 lE-06 

1 14 6 lE-06 

1 14 6 lE-06 
1 14 6 IE-06 

1 14 6 IE-06 
1 14 6 IE-06 

1 14 6 lE-06 
1 14 6 IE-06 
1 14 6 lE-06 

1 14 6 IE-06 

15 
15 

15 
15 

15 

15 
15 

15 
15 

15 
15 

15 

15 - 

2190 
2190 

2193 
2190 

2190 

2190 
2190 

2190 
2190 

2190 
2190 

2190 
2190 

25550 
25550 

25550 
25550 

25550 

25550 
25550 

25550 

25550 
25550 

25550 

25550 

1.67E-03 1.43E-04 

2.20E-06 i.88E-07 
6.OQE-06 5.22E-07 
l.O2E-07 &77E-OQ 
7.Q3E-07 6.79E-06 

2.56E-06 2.2iE-07 
8,69E-07 7.45E-06 

i.lOE-05 QME-07 
3.58E-03 3.07E-04 
1.72E-05 1.47E-06 

l.Q4E-06 1.67E-07 
593E-06 5.08E-07 

5.45E-05 4.67E-06 

2.90E+W -- 5.75E-04 

3.OOE-04 1.75E+00 7.33E-03 
7.GUE-02 -- 6.6QE-05 
5.OOE-03 4.30E+OO 2.05E-05 
5.OOE-04 -- 1.5QE-03 
5.OOE-03 -- 5.17E-04 
6.OOE-02 -- 1.45E-05 
3.71E-02 -- 2.Q6E-04 

3.OOE-01 -- l.lQE-02 
5.00E-03 -- 3.44E-03 
2.WE-02 -- 9.72E-05 
7.00E-03 -- &47E-04 
3.OOE-01 -- 1.82E-04 

-- 2.14% 
3.3OE-07 27.23% 

-- 0.32% 
3.77E-06 0.08% 

-- 5.69% 

-- 192% 
-- 0.05% 

-- 1.10% 

-- 44.33% 
-- 12.77% 

-- 0.3696 
-- 3.15% 
-- 0.67% 

0.00% 

69.74% 

O.cQ% 
10.26% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

TOTAL 2.6sE-02 3.68E-07 100.00% 100.00% 



, 

SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 
AND CARCINOGEMC RISKFROM INGESTION DF SEDIMENT 

SITE 7 

FUTlJHE SCENAAO 

SEDlMENT - INGESTION 

RESIDENT ADULT 

CHEMCAL 

cs 
mglkg 

IR FI EF ED CF BW ATnc ATc CDtnc clnc RfD CSF HI CR % CONTRIB % CONTRIB 

mgld dh’ Y kg/m9 kg d d rqukgld mglkgld mglkgld @‘Wgld)- 1 NC RISK CARC RISK 

Aluminum 

Arsenic 
Barium 

Beryllium 

Cadmium 
Chromium 

Cobalt 
Copper 

Iron 

Manganese 
Nickel 

Vanadium 

Zinc 

652E+03 
8.6OE+OO 

238E+Ol 
4.OoE-01 

3.lOE+OO 

i.OlE+Oi 
34OE+OO 

4.29E+Oi 

1.4OE+04 
672E+Oi 

7.60E+OO 
2.32E+Ol 

2,13E+02 

50 1 28 30 IE-06 

50 1 26 30 lE-06 
50 1 20 30 iE-06 

50 1 26 30 lE-06 

50 1 28 30 IE-06 

50 1 26 30 IE-06 

50 1 26 30 lE-06 
so 1 25 30 lE-06 

50 1 26 30 IE-06 

50 1 28 30 IE-06 

50 1 28 30 IE-06 

50 1 26 30 IE-06 
50 1 25 30 IE-06 

70 

70 
70 
70 

70 

70 

70 
70 

70 
70 

70 

70 
70 

10950 25550 3.57E-04 153E-04 

10950 25550 4.71E-07 2.02E-07 
10950 25550 1.30E-06 559E-07 

10950 25550 2.19E-06 9.39E-09 
10950 25550 1.70E-07 7.2BE-08 

10950 25550 5.53E-07 2.37E-07 

10950 25550 t.wE-07 7.95E-08 
lo950 25550 2.35E-06 l.OlE-06 

10950 25550 7.67E-04 3.29E-04 
10950 25550 3.6’3E-06 1.513E-06 

lo950 25550 4.16E-07 1.76E-07 

10950 25550 1.27E-06 5.45E-07 

10950 25550 1.17E-05 5.09E-06 

29OE+OO -- 1.23E-04 -- 2.14% 
3.OOE-04 1.75E+OO 1.57E-03 3.53E-07 27.23% 
7.OoE-02 -- 1.86E-05 -- 0.32% 
5.OoE-03 4,30E+OO 4.38E-08 4.04E-06 0.08% 

5.@JE-04 - - 34OE-04 -- 5.69% 
5.00E-03 -- l.llE-04 -- 1.92% 
600E-02 -- 3.1lE-06 -- 0.05% 
3.71E-02 -- 6.34E-05 -- 1.10% 
3.00E-01 -- 2.56E-03 -- 44.33% 
5.COE-03 - - 7.36E-04 -- 12.77% 

2.OoE-02 -- 2.05E-05 -- 0.36% 
7.WE-03 -- f.B2E-04 -- 3.15% 
3.00E-01 -- 3.&x-05 -- 0.67% 

0.00% 

89.74% 

0.0096 
10.26% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 
0.00% 

0.00% 
O.W% 

TOTAL 5.77E-03 394E-07 loOJO% 10090% 



SUMMARY OF CHRONIC DAJLY INTAKE (CDt) AND POTENTIAL NONCARCINOGENIC 
AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SEDIMENT 

SITE 7 

FUTURE SCENI\TPO 

SEDlMENT - DERMAL 
RESIDENT CHILD 

CHEMCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

malka cmA2 mglcm^2 dlv Y kglmg kg d d mglkgld mglkgld mglkgld (ma/kg/d)- 1 NC RISK CARC RISK 

Aluminum 

Barium 
Beryllium 

Cadmium 

Chromium 
Cobalt 

Copper 

Iron 
Manganese 

Nickel 
Vanadium 

6.52E+O3 1620 1 0.001 14 6 

8.6UE+00 1820 1 0.001 14 6 

2.38E+Ol 1820 1 0.001 14 6 

4.OOE-01 1620 1 0.001 14 6 

3.10E+OO 1820 1 0.001 14 6 

l.OlE+Ol 1820 1 0.001 14 6 

3.4OE+OO 1820 1 0.001 14 6 

4.29E+Ol 1820 1 0.001 14 6 

1.4OE+04 1620 1 0.001 14 6 

672E+Oi 1620 1 0.001 14 6 

7.6OE+OO 1620 1 O.M)l 14 6 

2.32E+Ol 1620 1 0.001 14 6 

lE-06 15 2190 25550 

lE-08 15 2190 25550 

lE-06 15 2190 25550 
lE-06 15 2190 25550 

IE-06 15 2190 25550 

1E-06 15 2190 25550 

lE-06 15 2190 25550 

lE-06 15 2190 25550 

lE-06 15 2190 25550 

IE-06 15 2190 25550 

lE-06 15 2190 25550 
lE-06 15 2190 25550 

3.03E-05 

4.OOE-08 

l.llE-07 
1.66E-09 

1.44E-06 
4.70E-06 

1.56E-06 
2.OOE-07 

6.52E-05 

3.13E-07 

3.54E-08 
l.OBE-07 

2.60E-06 

3.43E-09 

9.49E-09 
l.EOE-10 

1.24E-09 

4.03E-09 
1.36E-09 

1.7iE-06 
5.58E-06 

2.66E-06 

3.03E-09 
9.25E-09 

2.9OE+OG -- 

3.OOE-04 1.75E+OO 

7.OOE-02 -- 
5.OOE-03 4.30E+CO 

5.OOE-04 -- 

5.M)E-03 -- 
6.OOE-02 -- 

3.71E-02 -- 
3.OOE-Ol-- 

5.OOE-03 -- 

2.OOE-02 -- 
7.OOE-03-- 

l.O5E-05 - 

1.33E-04 6.OOE-09 

1.56E-06 - 
3.72E-07 6.66E-10 

2.89E-05 - 

9.4OE-06 - 
2.64E-07 - 

5.36E-06 - 
2.17E-04 - 

6.25E-05 - 

1.77E-06 - 
1.54E-05 - 

2.14% 

27.23% 
0.32% 
0.00% 

5.69% 

1.92% 
0.05% 

1.10% 

44.33% 
12.77% 

0.36% 
3.15% 

0.00% 

09.74% 

0.00% 
10.26% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 
Zinc 2.13E+02 1820 1 0.001 14 6 IE-06 15 2190 25550 9.91 E-07 6.50E-06 3.00E-01 -- 3.30E-0’3 - 0.67% 0.00% 

TOTAL 4.9OE-04 6.69E-09 100.00% 100.00% 



SUMMARY OF CHRDNIC IJAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC WSK FROM DERMAL CONTACT WITH SEDIMENT 
SITE 7 

FUTURE SCENARO 

SEDIMENT - DERMAL 
RESIDENT ADULT 

CHEMCAL 
cs SA AF AES EF ED CF BW ATnc ATc CDlnc cm lw CSF HI CR % CONTRIB % CONTRIB 

w-m cm^2 mglcm^2 WY kg/mg kg d d mglkgld mglkgld mgllcgld vwWd)-~ NC RISK CARC RISK 

Arsenic 

Barium 
Beryllium 

Cadmium 

Chromium 
Cobalt 

Copper 
Iron 
Manganese 

Nickel 
Vanadium 

Zinc 

6.52E+03 

6.60E+OO 

238E+Ol 
4.OOE-01 

3.10E+OO 

l.OlE+Of 
3.4OE+OO 

429E+Oi 
1.4OE+04 
6.72E+Oi 

7.6OE+OO 
2.32E+Oi 

2.13E+02 

1 O.wJl 
1 0.001 

1 0.001 
1 0.001 

1 0.001 

1 0.001 

1 0.001 
1 0.001 

1 o.oot 
1 0.001 
1 0.w 

I 0.001 

1 0.001 

26 30 
26 30 

20 30 
26 30 

26 30 

26 30 

20 30 
28 30 

26 30 
26 30 
26 30 

28 30 

28 30 

lE-06 70 10950 25550 4.14E-05 1.76E-05 

lE-06 70 10950 25550 5.47E-06 2.34E-06 

iE-06 70 10950 25550 1.51E-07 6.46E-08 

IE-06 70 10950 25550 2.54E-09 l.OQE-09 

IE-06 70 10950 25550 t.Q7E-06 6.44E-09 

lE-06 70 10950 25550 6.42E-06 2.75E-06 

IE-06 70 10950 25550 2.16E-06 9.26E-09 
lE-06 70 10950 25550 2.73E-07 1.17E-07 

iE-06 70 10950 25550 6.90E-05 3.6iE-05 
IE-06 70 10950 25550 4.27E-07 1.63E-07 
IE-06 70 10950 25550 4.63E-06 2.07E-08 

IE-06 70 I0950 25550 1.47E-07 6.32E-08 

iE-06 70 10950 25550 1.35E-06 5.60E-07 

2.QOE+00 -- 

3.OOE-04 :1.75E+OO 

7.OOE-02 -- 
5.OOE-03 4.30E+OO 
5.OOE-04 -- 

5.OOE-03 -- 

6.00E-02 -- 
3.71E-02 -- 

3.M)E-01 -- 
5.OOE-03 -- 

2.COE-02 -- 
7.OOE-03 -- 

3.OOE-Oi -- 

1.43E-05 2.14% 0.00% 
1.62E-04 4.10E-06 27.23% 69.74% 
2.16E-06 0.32% 0.00% 
5.06E-07 469E-OQ 0.08% 10.26% 
3.&lE-05 5.69% 0.00% 
1.26E-05 1.92% 0.00% 
3.60E-07 0.05% 0.00% 
7.35E-06 1.10% 0.00% 
2.97E-04 44.33% 0.00% 
&54E-05 12.77% 0.00% 
2.42E-06 0.36% 0.00% 
2.11E-05 3.15% 0.00% 
4.5iE-06 0.67% 0.00% 

TOTAL 6.69E-04 4.57E-08 iW.W% 100.00% 



CONSTRUENTS DETECTED IN SURFACE WATER SAMPLES 
SITE 7 

AVAILABLE FOR FISH CONSUMPTlON 
NAVAL AMPHIBIOUS BASE - LDTLE CREEK 

VIRGINIA BEACH, VIRGINIA 

Constituent 

JOLATILES 
Acetone 

NORGANICS 
Aluminum 
Arsenic 
Barium (e] 
Calcium 
Cobalt [e] 

Copper iel 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Sodium 
Zinc 

\NIONS 
Alkalinity 
Bicarbonate alkalinity 
Chloride 
Sulfate 

F 

I 

i 

:requenq Range of Detected 
of Concentrations 

Detection oJclP) 

31 6 15.0 - 

51 6 386) 

51 6 2.4 b 
61 6 17.5 b 

61 6 22300 
41 6 3.4 b 

41 6 5.3 b 

61 6 1OlOj 

31 6 3.2 j 

61 6 26000 

61 6 63.9 

61 6 6600 j 

61 6 184000 

31 6 30.6 

1690.0 j 
10.3 
36.6 b 

1.8E+05 
5.6 b 

14.1 b 
6890.0 j 

50.0 j 
4.6E+OS 

334.0 
1.8E+05 j 
4.3E+06 

70.5 

61 6 
61 6 
61 6 
61 6 

76500.0 - 1.3E+05 
76500.0 - 1.3E+05 

7.OE+05 - 2.1 E+07 
1.2E+05 - 1.4E+O6 

31 .o 

f 

i 

%deral 
MCL 

ugP) la 

0.01 t 

Tap Health Virginia 
Water Advisory Water Stds. 

cusm Jlgll) ICI @g/l) WI 

Potentia’ 

37C NO 

11001 
0.03E 

26C 
50 

2000 

22c 
14c 

16 

50 
2000 

1300 

1100 

1300 
300 

15 

50 

YES 
YES 
YES 
NO 
YES 
YES 
YES 
YES l 

NO 

YES 
NO 
NO 
YES 5000 

250000 
250000 

Notes: 
a. Federal MCL concentration values represent USFederal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values obtained from July 11.1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum which is obtained from the January 7,1994 RBC table. 
c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 

publication “Drinking Water Regulations and Health Advisories.” 
d. Virginia Water Standards for public water supplies. 
l Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 
e. Constituent concentration is five times greater than the maximum detected in blank (b). 

YES 
YES 
YES 
YES 



T 

CONSTITUENTS CONCENTRATION IN FISH 
SITE 7 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VlRGlNlA 

Maximum Detected 
Concenl 

&l/l) Zonstituent 

NORGANICS 
Aluminum 1690 j 
Arsenic 10.3 
Barium 36.8 b 
Cobalt 5.6 b 
Copper 14.1 b 
Iron 6890 j 

50.0 j 
i::ganese ) 334:; 

ltions 

@w/l) 

1.69E+OO j 
l.O3E-02 
3.68E-02 b 
5.60E-03 b 
I .4lE-02 b 
6.89E+OO j 
S.OOE-02 j 
3.34E-01 
7.05E-02 

T Bioconcentration 
Factor* 

ww 

-- -- 

44 4.53E-01 
-- -- 
-- -- 

200 2.82E+OO t 
-- -- 

49 2.45E+OO j 
-- -- 

47 3.31 E+OO 

Fish Fish 
Concentration Criteria 

OWW OWW ** 

Poter 
Cone 

-- YES *I 
1.80E-03 YES 
9.50E+OO YES *’ 
8.loE+oo YES *’ 
S.OOE+OO NO 

-- YES *g 
-- YES *I 

6.80E-01 YES l ’ 
4.lOE+Ol 1 NO 

* Source: USEPA Superfund Public Health Evaluation Manual, EPA/540/i -86/060, October 1986 
** Fish Concentration values obtained from July 11, 1994 USEPA Region Ill Risk-Based Concentration Table. 
*** Not evaluated due to unavailable bioconcentration factor for fish. 
**** Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 



SUMMARY OF CHRONIC DA’LY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION OF FISH 

SITE 7 

CURRENT SCENARIO 

FISH - INGESTION 

TRESPASSER CHILD 

FC IR FI EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 
CHEMCAL g m/k Id dly k Ig kg d d m Ikgld mglkgld) - 1 NC RISK CARC RISK 

Arsenic 4.53E-01 6.5 1 350 6 lE-03 15 2190 25550 1.68E-04 1.6lE-05 3.OOE-04 1,75E+OO 627E-01 2.82E-05 loo.oo% 100.00% 

TOTAL 6.27E-01 2.82E-05 100.00% 100.00% 

CURRENT SCENARIO 

FISH - INGESllON 
TRESPASSER ADULT 

CHEMICAL 

Arsenic 

TOTAL 

FC IR FI EF ED CF BW ATnc ATc CDlnc ccic RID CSF HI CR % CONTRIB % CONTRIB 

w/kg g/d d/y Y kg/s kg d d mgikgld mglkgld mgikg/d (mg/kgld)- 1 NC RISK CARC RISK 

4.53E-01 6.5 1 350 30 lE-03 70 10950 25550 4.03E-05 1.73E-05 3.00E-04 1.75E+OO 1.34E-01 3.03E-05 100.00% loo.oo% 

1.34E-01 3.03E-05 lOO.oo% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 
AND CARCINOGENIC RISKFROM INGESTlON DF FISH 

SITE 7 

CURRENT SCENARIO 

FISH - INGESTION 

RECREAllONAL CHILD 

CHEMCAL 

Arsenic 

TOTAL 

FC IR FI EF EiJ CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

w/kg g/d W y kg/s kg d d mglkgld mgikgld mglkgld (mglkgld)- 1 NC RISK CARC RISK 

4.53E-01 6.5 1 14 9 iE-03 36 2190 25550 4.71E-06 4.03E-07 3.OOE-04 1.75E+OO 1.57E-02 T.ceE-07 loo.oo% 100.00% 

1.57E-02 7.06E-07 1oO.C0% 100.00% 

CURRENT SCENARIO 
FISH - INGESllON 

RECREATIONAL ADULT 

CHEMCAL 

Arsenic 

FC IR FI EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

mglkg gld dly Y kg/g kg d d w/kg/d mglkgld mg/kg/d @w/kg/d)- 1 NC RISK CARC RISK 

4.53E-01 6.5 1 2.3 30 lE-03 70 10950 25550 3.23E-06 1.36E-06 3.OOE-04 1.75E+OO 1.06E-02 2.42E-06 100.00% 100.00% 

TOTAL f.OBE-O2 2.42E-06 loo.oo% 100.00% 



SUMMARY OF CHRONIC DAJLY INTAKE (CDI) AND POTENnAL NONCARCINOGENIC 
AND CARCINOGENIC RISK FROM INGESTION OF FISH 

SITE 7 

FUTURE SCENARO 

FISH - INGESTION 

RESIDENT CHILD 

CHEMCAL 

Arsenic 

FC IR FI EF ED CF BW ATnc ATc CDlnc cc+2 AD CSF HI CR % CONTRIB % CONTRIB 

mg/kg g/d d/y y ksls kg d d mglkgld mglkgld mglkgld (mg/kg/d)-i NC RISK CARC RISK 

4.53E-01 6.5 1 350 6 iE-03 15 2190 25550 1.66E-04 1.61E-05 3.OOE-04 1.75E+W 627E-01 2.82E-05 100.00% 100.00% 

TOTAL 6.27E-01 2.82E-05 100.00% 100.00% 

FUTURE SCENARO 

FISH - INGESTlON 
RESIDENT ADULT 

CHEMCAL 

Arsenic 

FC 

mgkg 

4.53E-01 

IR FI EF ED CF BW ATnc ATc CMnc cm FlfD CSF HI CR % CONTRIB % CONTRIB 

gld W Y kg& kg d d mgikgld mglkgld mglkgld (mgikg/d)- 1 NC RISK CARC RISK 

6.5 1 350 30 lE-03 70 10950 25550 4.03E-05 1.73E-05 3.OOE-04 1.75E+O+J 1.34E-01 3.03E-05 lcMJ.oo% 100.00% 

TOTAL 1.34E-01 3.03E-05 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM INGESTION OF FISH 

SITE 7 

FUTURE SCENARO 
FISH - INGESTION 

RECREAllONALCHlLD 

CHEMCAL 

FC 

mglkg 

IR 

g/d 

FI EF ED 
d/y y 

CF 

kgls 

BW 

kg 

ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 
d d mglkgld mglkgld mglkgld (mg/kg/d)-1 NC RISK CARC RISK 

Arsenic 4.53E-01 8.5 1 14 9 IE-03 36 2190 25550 4.71E-OS 4.03E-07 3.OOE-04 1.75E+00 1.57E-02 7.OSE-07 100.00% 100.00% 

TOTAL 1.57E-02 7.06E-07 100.00% 1Ofl.00% 

FUTURE SCENAAO 

FISH - INGESTION 
RECREAllONAL ADULT 

CHEMCAL 

Arsenic 

FC IR FI EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

msiW g/d dly Y bls kg d d mQlkQ/d m!dWd mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

4.53E-01 8.5 1 28 30 IE-03 70 10950 25550 3.23E-06 l&YE-06 3.00E-04 1.75E+OO l.OBE-02 2.42E-OS loo.W% 100.00% 

TOTAL l.O8E-02 2.42E-06 1w.00% 100.00% 



IEUBK MODEL OPTIONS 
SITE - 7 

Parameter Default Option User Defined Option 
,-,.:..:.,. .../,,, ,. .,. ,..; :: ,, ,,,,, . .: ..‘. . ,.,I .:,,. .,. ..A’. : .,.: ,.., ..,- : :, .\.. :.:.: :, ..::.,::, ,‘, ‘, ,:.,.‘,‘, : ,, .:, 

‘: ,,:, ‘:;j ,. : : ., ;j::j: ‘y: .; ,;.jj: .,::, ;...:+,, ; .;, :,:: ‘, ;: :, ,.. ::: ‘; 4 .,I’ . ...,: : .:.:,,,, :.,::.:.,‘.‘:>‘.‘:‘:; .: ;;:: ,:. ; ..,‘:A :. : ,F . . . . .;., ‘, “‘;:.A~,:, :::~:‘:~:::::j:.,:~~j:l,:,~~, ,I< ‘,;; ::::::,:,;,: : .;.‘,: (, ,,:;:,:::j: ‘y .,,;I ;- ;;: ,/;:.I: I;:: A; y:, ,;I;,,. > ,T;;;:, ,. ;.: .i :, ;., ,. ,, .:‘: I, ,,,,;,., .: .,) ., ..A.. ,‘.’ 

Outdoor air lead concentration (pglm3) 0.10 0.00 

Ratio of indoor to outdoor air lead 30 00 
concentration (%) 

Time outdoors (hours/day) 
Age = 

O-l year (O-11 mo) 1 1 
l-2 years (12-23 mo) 2 2 
2-3 years (24-35 mo) 3 3 
3-7 years (36-83 mo) 4 4 

Ventilation rate (m2/day) 
Age = 

O-l year (O-11 mo) 2 2 
l-2 years (12-23 mo) 3 3 
2-3 years (24-35 mo) 5 5 
3-4 years (3647 mo) 5 5 
4-5 years (48-59 mo) 5 5 
5-6 years (60-71 mo) 7 7 
6-7 years (72-84 mo) 7 7 

Lung absorption (%) 32 00 

Dietary lead intake (pglm3) 
Age = 

O-l year (O-11 mo) 5.53 0.00 
l-2 years (12-23 mo) 5.78 0.00 
2-3 years (24-35 mo) 6.49 0.00 
3-4 years (36-47 mo) 6.24 0.00 
4-5 years (48-59 mo) 6.01 0.00 
5-6 years (60-71 mo) 6.34 0.00 
6-7 years (72-84 mo) 7.00 0.00 

.,‘. ,‘. ,,: ,:“:,‘, ,.,‘,. .,, : ,,,,, ., :_.,,,:. :..;: > ,,I,; :,:I,: ,,,: ;;‘.: :.J .: ,;, :,: .,; ,. : ,:. . ...,, ::. .: .., ;:... ,y .,.: . .v. :\: .:‘...:. ‘,“:‘:.:.Y,‘::. ‘, .;y:.,:,, ;;.,; ,,:, .,.,:,,~,,,,.,, ,,,,,,, ,,.,,:,...... ,,.:..: :..., : ,..,.,. :: ,.,, ,(:.,‘;.:: ::. ,.. ,::j:,j:: :,,, L,:’ :.,..:... ,, . ,, ,, ;,:,*&#&‘i .ri~~t..~~~c~.~li.-:~~.‘~.:~, ,I:~,~~l,-,.:::l,l::.~::~~ j: y ,:.,:,, :...: ;. .’ ‘. : : : ,: “, ..:,:,, ,: .,:; : ; ::.. ::.,, : . ..‘. .” A”:.: ‘.‘.: :, .:... ,,. ,, 

Concentration (pg Pb/g) 
home-grown fruits 0 0.000 
home-grown vegetables 0 0.000 
fish from fishing 0 . 0.950 
game from hunting 0 0.000 

Percent of food class (%) 
home-grown fruits 0 0 
home-grown vegetables 0 0 
fish from fishing 0 100 
game from hunting 0 0 



IEUBK MODEL OPTIONS 
SITE - 7 (Continued) 

Parameter Default Option User Defined Option 
..“, ., :I ‘: ‘. ,. ,: .: .:‘: ,:,,,,,; .,,., ‘,., ,,: . . . . ., ““...’ ,; :, .’ .,‘. -,.:.:, : ,.: :,.,., : ..,. .: ..’ . ...::. : :. : ,, ,,,, ~,.~:Dfi&+&&r.. :j:y:jj: ,.~:;~,_jj:~,,::.j~‘,,:,;, ;I::. ;;;,:;.::; ,$ ,:;, ‘:;: .:,. ;;,,::.,‘;,.;; ;;; 

.’ 
‘. ,,. ,, ‘,‘:: ;:,,:. ,,: ,,,.’ “, “::. .‘:,. ;. ,, ‘,( ,I, ., ‘,. ,f, ,,.:,:,.: :, ,.... :,., :.. .: ., ., .” .:’ 

Lead concentration in drinking water @g/L) 4 45.50 

Ingestion rate (liters/day) 
Age = 

O-l year (O-l 1 mo) 0.20 2 
1-2 years (12-23 mo) 0.50 2 
2-3 years (24-35 mo) 0.52 2 
3-4 years (36-47 mo) 0.53 2 
4-5 years (48-59 mo) 0.55 2 
5-6 years (60-71 mo) 0.58 2 
6-7 years (72-84 mo) 0.59 2 

“’ .;, :;:.. ; : ; .’ : ,:,, .;, 1, : ., : : ,, ..,‘. .“’ &il/Det ,;:’ : .“‘,: ” ,’ ., .,: ,...., ,: ., .‘, . . 

Concentration 
Soil 200 104.1 
Dust 200 104.1 

Soil ingestion as percent of total soil and 45 45 
dust ingestion 

Soil/Dust lead concentration @g/g) 
Age = 

O-l year (O-l 1 mo) 0.085 0.085 
l-2 years (12-23 mo) 0.135 0.135 
2-3 years (24-35 mo) 0.135 0.135 
3-4 years (36-47 mo) 0.135 0.135 
4-5 years (48-59 mo) 0.100 0.100 
5-6 years (60-71 mo) 0.090 0.090 
6-7 years (72-84 mo) 0.085 0.085 

Dust lead concentration @g/g) 
Age = 0.0 0.0 

l-2 years (12-23 mo) 0.0 0.0 
2-3 years (24-35 mo) 0.0 0.0 
3-4 years (36-47 mo) 0.0 0.0 _ 
4-5 years (48-59 mo) 0.0 0.0 
5-6 years (60-71 mo) 0.0 0.0 
6-7 years (72-84 mo) 0.0 0.0 



IEUE3K MODEL OPTIONS 
SITE - 7 (Continued) 

Parameter Default Option User Defined Option 
. ..., .,.. ,: .:,,. .: .,.,,. .: ,, :,,,, .,...., : ,: j ,,,, ;,, ; ,,,_ : ,,,: ;, ‘. . . ,.,. ,, .‘,::., ‘..: .‘, ,, .“” ,,,,, Bi&v$j.l~~~~~tjr :For @l,Gut~Absorption ~@w$y&,::,:; .,‘,: .; “, :;,::T,,: :I,!;., ., I:.. ,:, :jy.: ,: ‘.. ;I., ‘1’ :,,.; ” ‘.‘: Y,.’ :‘, ‘.‘.‘: .., ,,,,; ;, ,,,, j j, ,.,:.,.: .,,., ‘:‘, ; ‘,. .: ., ,:.., 

Total lead Absorption (at low intake) 
diet 50 50 
drinking water 50 50 
soil 30 30 
dust 30 30 
alternate source 0 0 

Fraction of lead absorbed at high intake 
diet 0.2 0.2 
drinking water 0.2 0.2 
soil 0.2 0.2 
dust 0.2 0.2 
alternate source 0.2 0.2 

,. .:;. .:. :. ,, .” : :. : ,, 
‘. : ,.‘., .,,:. ‘:‘. ~~$+$.p~~e~~~m :g&:;&~&Tc, :. ;::,, I..: “. ., : ,, “: ‘.:,, .,‘. ,’ : .,;.,. “, 

Mother’s blood lead level at time of 
birth 2.5 2.5 

Geometric standard deviation for blood 
lead (GSD) 1.6 1.6 

Blood lead level of concern 10 10 
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SITE - 9 



Constituent 

VOIATILES 
Acetone 
Toluene 

SEMI-VOIATILES 
Fluoranthene 

Wet-= 
Chrysene 
Benzo (b) fiuoranthene 

PCBs & PESTICIDES 
Dieldrin 
4,4’-DDE 
Endrin 
4,4’-DDD 
4,4’-DDT 
Alpha-chlordane 
Gamma-chlordane 
Aroclor-1260 

Notes: 

CONSTTI-UENTS DETECTED IN SURFACE SOIL SAMPLES 
SITE 9 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

41 
51 

1 I 
21 
1 I 
1 I 

1 I 
21 
1 I 
41 
31 
21 
11 
1 I 

6 14j 
6 3 19 

6 
6 37 
6 
6 

6 4.8 
6 8.2 13j 
6 3.8 
6 5 18 
6 5.8 13j 
6 2.8 8.5 j 
6 9.9 j 

52j 
75 j 

47j 
57 j 

61 34 j i 

7.8OE+O5 NO 
1,60E+06 NO 

3.1 OE+05 NO 
2.30E+05 NO 
8.80E+04 NO 
8.8OE+O2 NO 

4.00E+Ol NO 
1.90E+03 NO 
2.30E+03 NO 
2.7OE+O3 NO 
1.90E+03 NO 
4.90E+02 NO 
4.90E+02 NO 
8.30E+Ol YES 

a. Residential Soil Concentration values obtained from July 11,1994 USEPA Region III Risk-Based 
Concenfration Table using a target hazard quotient of 0.1 and a target cancer risk of 1 e-06. 



Constituent 

INORGANICS 
Aluminum 
Arsenic 
Barium 
Beryllium [b] 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Silver 
Vanadium 
Zinc 

CONSTWJENTS DETECTED IN SURFACE SOIL SAMPLES 
SlTE 9 

NAVAL AMPHIBIOUS BASE - LllTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Frequency 
of Detection 

61 6 
61 6 
61 6 
41 6 
11 6 
61 6 
61 6 
51 6 
51 6 
61 6 
61 6 
61 6 
61 6 
51 6 
61 6 
II 6 
61 6 
51 6 

Range of Detected Residential Soil 
Concentrations Concentration Potential 

(u&l) @g/kg) [al Concern 

847000 
610b 

3100b 
230 b 

27500 
6200 
970 b 
8100j 

118OOOOj 
9400 j 
84900 
4900j 
49OOb 

66.2 

3.7 b 
27.9 

- 1 E+07 2.30E+07 NO 
3100 3.70E+02 YES 

- 58200 5.50E+05 NO 
340b 1.50E+02 YES 

530 b 3.90E+O4 NO 
- 6900000 NO 

13500 3.90E+O4 NO 
3000 b 4.70E-cO5 NO 

- 24200 j 2.90E+05 NO 
- 9290000 j YES 

171000 j YES * 
- 857000 NO 
- 202000 j 3.90E+O4 YES 
- 6500 b 1.60E+05 NO 

547000 NO 
880 j 3.90E+05 NO 

18900 b 5.50E+04 NO 
84900 2.30E+O6 YES 

Notes: 
a. Residential Soil Concentration values obtained from July 11.1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum where it is obtained from the January 11,1994 RBC Table 
using a target hazard quotient of 0.1 and a target cancer risk of 1 e-06. 

l Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 
b. Constituent concentration is five times greater than the maximum detected in blank (b). 



SUMMARY OF CHFUX’NC DA!LY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARC~NOGEMC RJSKFROM INGESTION ff SUAACE saL 

SITE 9 

CURRENT SCENARIO 

SaL - INGESTION 

TRESPASSER CHILD 

CHEMCAL 

cs IR FI EF ED CF BW ATnc 

m&3 mgld dh’ Y  kglmg kg d 

ATc CDlnc CDlc FtfD CSF HI CR % CONTAlE % CONTRIS 
d mglkgld mglkgld mgFg/d (mg/kg/d)- 1 NC RISK CARC RISK 

Aroclor- 1260 3.4OE-02 200 1 14 6 iE-06 t5 2190 25550 1.74E-08 1.4QE-09 -- 7.70E+OO -- l.l5E-08 0.00% 3.66% 

Arsenic 3.10E+OO 200 1 14 6 IE-06 15 2190 25550 1.59E-06 IXE-07 3.OOE-04 1.75E+OtI 5.28E-03 2.38E-07 12.59% 75.69% 

Beryllium 3.4OE-01 200 1 14 6 IE-06 15 2190 25550 1.74E-07 1.49E-08 5.OOE-03 4.30E+OO 3.46E-05 6.41E-06 0.08% 20.45% 

lr0fl 9.29EcO3 200 1 14 6 IE-06 15 2190 25550 4.75E-03 4.07E-04 3.00E-01 -- 1.5EE-02 -- 37.74% 0.00% 

Manganese 2.02E+02 200 1 14 6 IE-06 15 2190 25550 i.O3E-04 8.65E-06 5.00E-03 -- 2.07E-02 -- 49.24% 0.00% 

Zinc e.4QE+ot 200 1 14 6 lE-06 15 2190 25550 4.34E-05 3.72E-06 3.00E-01 -- i&E-04 -- 0.34% 0.00% 

TOTAL 4.20E-02 3,13E-07 100.00% 100.00% 



su~hww OF CHRONIC DILLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARMNOGEMC RISKFROM INGESTION OF SURACE SOIL 
SITE 9 

CURRENT SCENARIO 

SOIL - INGESTION 

TRESPASSER ADULT 

CHEfvICAL 

cs 

mgi@ 

IR FI EF ED CF BW ATnc ATc CDlnc CDiC RID CSF HI CR % CONTRIB % CONTRIB 

mgld d/v Y kglmg kg d d mglkgld mglkgld mglkgld (mg/kg/d)-1 NC RISK CARC RISK 

Aroclor-lP6U 3.4OE-02 100 1 26 30 lE-06 70 10950 25550 3.73E-09 1.60E-09 -- 7.70E+OO -- 1.23E-06 0.00% 3.66% 
Arsenic 3,10E+OO 100 1 26 XI lE-06 70 10950 25550 3.4OE-07 1.46E-07 3.OOE-04 1.75E+00 i.i3E-03 2.55E-07 12.59% 75.09% 
Beryllium 3,4OE-01 100 1 26 30 IE-06 70 10950 25550 3.73E-06 1.6OE-06 5.COE-03 4,30E+OO 7.45E-06 6.67E-08 0.00% 20.45% 
Iron 9,29E+03 100 1 28 30 lE-06 70 10950 25550 l.OZE-03 4.36E-04 3.GOE-01 -- 3.39E-03 -- 37.74% 0.00% 
Manganese 2,02E+O2 100 1 26 30. iE-06 70 10950 25550 Z.ZlE-05 9.49E-06 5.OOE-03 -- 4.43E-03 -- 49.24% 0.00% 
Zinc a,49E+o1 100 1 26 30 IE-06 70 10950 25550 9.30E-06 3.99E-06 3.00E-01 -- 3.iOE-05 -- 0.34% 0.00% 

TOTAL 699E-03 3.36E-07 100.00% 100.00% 



SUMMARY OF CHROMC DRlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION OF SUAACE SOIL 
SITE 9 

CURRENT SCENARIO 

SolL - INGESTlON 
RECREATIONALCHILD 

CHEMCAL 

cs 

wW 

IR FI EF ED CF SW ATnc ATc cDlnc CDlc WD CSF HI CR % CONTRIS % CONTRIB 
mgld d/y Y kglmg kg d d mglkgld mglkgld mglkgld hWld)- 1 NC RISK CARC RISK 

Aroclor- 128) 3.4OE-02 67 1 14 6 IE-06 15 2190 25550 5.63E-69 4.99E-10 -- 7.70E+W -- 3.64E-09 0.00% 3.66% 
Arsenic 3.10E+OO 67 1 14 6 IE-06 15 2190 25550 5.3lE-07 4.55E-06 3.OOE-04 1.75E+00 1.77E-03 7.97E-06 12.59% 75.09% 
Beryllium 3.4OE-01 67 1 14 6 IE-06 15 2190 25550 5.63E-06 4.99E-09 S.OOE-03 4.30E+oo l.l7E-05 2.15E-06 0.00% 20.45% 
Iron 9.29E+O3 67 1 14 6 IE-06 15 2190 25550 1.59E-03 1.36E-04 3.00E-01 -- 5.3lE-03 -- 37.74% 0.00% 
Manganese 2.02E+M 67 1 14 6 IE-06 15 2190 25550 3.46E-05 2.97E-06 5.CQE-03 -- 6.52E-03 -- 49.24% 0.00% 
Zinc 6,49E+Oi 67 1 14 6 IE-06 15 2190 25550 1.45E-05 1.25E-06 3.OOE-01 -- 4.65E-05 - - 0.34% 0.00% 

TOTAL 1.4iE-02 l.O5E-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CM) AND POTENTIAL NONCARCINOGENIC 

AND CAfWNOGEHC RISK FROM IffiESTlON OF SUFFACE SolL 

SITE 9 

CURRENT SCENARIO 

SOIL - INGESTlON 

RECREATIONAL ADULT 

CHEMCAL 
cs 

msFs 

IR FI EF ED CF BW ATnc ATc CDlnc CDIC FIfD CSF HI CR % CONTRIB % CONTRIB 

mgid % Y kglmg kg d d mglkgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Aroclor- 1260 3.4OE-02 33 1 26 30 IE-06 70 10950 25550 1.23E-09 5.27E-10 -- 7.70E+OQ -- 4.06E-OQ 0.00% 3.66% 

Arsenic 3.10Et00 33 1 26 30 lE-06 70 10950 25550 1.1 ZE-07 4.60E-06 3.OOE-04 1.75E+OO 3.74E-04 8.41E-06 12.59% 75.69% 

Beryllium 3.4OE-01 33 1 28 30 lE-06 70 10950 25550 1.23E-06 5.27E-09 5.OOE-03 4.30E+g 2&E-08 2.27E-06 0.06% 20.45% 
Iron 9,2QE+O3 33 1 26 30 lE-06 70 10950 25550 3.36E-04 1.44E-04 3.OOE-01 -- l.l2E-03 -- 37.74% O.oQ% 

Manganese 2.02E+O2 33 1 28 30 lE-06 70 10950 25550 7.31E-06 3.13E-06 5.MJE-03 -- l&x-03 -- 49.24% 0.00% 

Zinc 6.49E+Ol 33 1 26 30 lE-06 70 10950 25550 3.07E-06 1.32E-06 3.OOE-01 -- i.O2E-05 -- 0.34% 0.00% 

TOTAL 2.97E-03 l.llE-07 100.00% lW.oo% 



SUMMARY CF CHRONIC DAJLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC WSKFRDM INGESTION OF SUAACE SolL 

SITE 9 

CURRENT SCENARIO 

SolL - INGESTION 
WORKER ADULT 

CHEMCAL 

Aroclor- 1260 

Arsenic 

Beryllium 
Iron 

Manganese 
Zinc 

TOTAL 

cs IR FI EF ED CF BW ATnc ATc CDinc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

w&i mgld dh’ Y kglmg kg d d mglkgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

3.4OE-02 5’3 1 250 25 lE-06 70 9125 25550 1.66E-06 5.Q4E-09 -- 7.70E+OO -- 4.57E-00 0.00% 3.66% 

3.10E+CG 50 1 250 25 lE-06 70 9125 25550 1.52E-06 5.42E-07 3.OOE-04 i.75E+OQ 5.06E-03 9.46E-07 12.59% 75.89% 

3.4OE-01 50 1 250 25 lE-06 70 9125 25550 1.66E-07 5.Q4E-06 5.COE-03 4.3OE+OO 3.33E-05 255E-07 0.00% 20.45% 
9.29E+03 50 1 250 25 tE-06 70 .9125 25550 4.55E-03 1.62E-03 3.00E-01 -- 1.52E-02 -- 37.74% 0.00% 

2.02E+M 50 1 250 25 lE-06 70 9125 25550 9.66E-05 353E-05 5.00E-03 -- i.Q3E-02 -- 49.24% 0.00% 
0.4QEiOl 50 1 250 25 IE-06 70 9125 25550 4.15E-05 1.46E-05 3.OOE-01 -- i.36E-04 -- 0.34% 0.00% 

4.01E-02 1.25E-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RlSKFFUJM DERMAL CONTACT WITH SURACE SOIL 

SITE 9 

CURRENT SCENARIO 

SCML - DERMAL 

TRESPASSER CHILD 

CHEMICAL 

Aroclor-126U 

Arsenic 

Beryllium 
Iron 
Manganese 

Zinc 

TOTAL 

cs SA Al= ABS EF ED CF BW ATnc ATc 

mglk9 cm^2 mg/cm^2 d/y Y kglmg kg d d 

3.4OE-02 1820 1 0.08 14 6 lE-06 15 2190 25550 

3.10E+CU 1820 1 0.001 14 6 lE-06 15 2190 25550 

3.4OE-01 1620 1 d.001 14 6 IE-06 15 2190 25550 
9,29E+03 1620 1 0.001 14 6 lE-06 15 2190 25550 
2.02E+02 1620 1 0.001 14 6 lE-06 15 2190 25550 

6.49E+Ol 1820 1 0.001 14 6 lE-06 15 2190 25550 

CDlnc 
mglkgld 

9,49E-OQ 

1.44E-06 

1.56E-OQ 
4.32E-05 

9.4OE-07 
3.Q5E-07 

CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

mglkgld mg/kg/d (mglkgldj- 1 NC RISK CARC RISK 

6.14E-10 -- 7.70E+OO -- 6.27E-09 0.00% 69.52% 
1.24E-09 3.00E-04 1.75E+‘X 4.61E-05 2.16E-09 12.59% 24.01% 
1.36E-IO 5.M)E-03 4.30E+OO 3.16E-07 5.83E-10 0.06% 6.47% 
3.71E-06 3.OOE-Ol-- 1.44E-04 - 37.74% 0.043% 
6.06E-06 5.M)E-03 -- 1.66E-04 - 49.24% 0.00% 
3.3QE-08 3.00E-Ol-- 1.32E-06 - 0.34% 0.00% 

3.82E-04 Q.OlE-OQ 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM DERMALCONTACT WITH SUffACE SOIL 

SITE 9 

CURRENT SCENARIO 

SDIL - DERMAL 

TRESPASSER ADULT 

CHEMCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc ccic RID CSF HI CR % CONTRIB % CONTRIB 

wFg cm-2 mg/cm^2 % Y  Wmg kg d d mgFg/d mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Aroclor- 1260 WOE-02 5800 1 0.06. 28 30 IE-06 70 10950 25550 1.30E-08 5.56&09 -- 7.7OEfoO -- 4.28E-08 0.00% 69.52% 

Arsenic 3,10E+oo 5800 1 0.001 28 30 lE-06 70 10950 25550 1.97E-08 8.44E-09 3.00E-04 1.75E+OO 6.57E-05 1.48E-08 12.59% 24.01% 

Beryllium 3.4OE-01 5800 1 0.001 28 30 lE-06 70 10950 25550 2.16E-09 9.26E-10 5.OOE-03 4.30E+OO 4.32E-07 3.98E-09 0.08% 6.47% 

Iron 9.29.903 5800 1 0.001 20 30 lE-06 70 10950 25550 5.WE-05 2.53E-05 3.OOE-01 -- 1.97E-04 - 37.74% 0.00% 

Manganese 2.02E+02 5800 1 0.001 28 30 lE-06 70 10950 25550 1.28E-06 5.50E-07 5.00E-03 -- 2.57E-04 - 49.24% 0.00% 

Zinc e.49E+o1 5800 1 0.001 28 30 lE-06 70 10950 25550 5.4OE-07 2.31E-07 3.OOE-Oi-- l.BOE-06 - 0.34% 0.00% 

TOTAL 5.22E-04 616E-08 iOO.W% 100.00% 



SUMMARY OF CHRONlC DAJLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 
AND CARCINOGENIC RISKFROM DERMALCONTACT WITH SUFFACE SOli 

SITE 9 

CURRENT SCENARIO 

SolL - DERMAL 

REcFlEATloNALcHlLD 

CHEMCAL 

Aroclor-1260 
Arsenic 

Beryllium 
Iron 

Manganese 
Zinc 

TOTAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC WD CSF HI CR % CONTRIB % CONTRIB 

w/kg cm&2 mg/cm-2 dlv Y kglmg kg d d mgiWd mg/kg/d mglkgld @g/kg/d) - 1 NC RISK CARC RISK 

34OE-02 1620 1 0.06 14 6 lE-06 15 2190 25550 9.49E-OQ 6.14E-10 -- 7.70E+00 -- 627E-09 0.00% @x2% 

310E+CO 1820 I 0.001 14 6 IE-06 15 2190 25550 1.44E-08 1.24E-OQ ?a.OOE-04 1.75E+OO 4BlE-05 2.16E-OQ 12.59% 24.01% 

MOE-01 1820 1 odJO1 14 6 lE-06 15 2193 25550 1.56E-OQ 1.36E-10 5.OOE-03 4.30E+OO 3.16E-07 5.83E-10 0.08% 6.47% 
9.29E+03 1820 1 0.001 14 6 lE-06 15 2190 25550 4.32E-05 3.71E-06 3.OOE-Ol-- 1.44E-04 - 37.74% 0.00% 

2.02E+02 1620 1 0.001 14 6 IE-06 15 2190 25550 9.4OE-07 6.06E-08 5.OOE-03 -- 1.88E-04 - 49.24% 0.00% 

6.4QE+ol 1820 1 0.001 14 6 IE-06 15 2193 25550 3.95E-07 3.39E-08 3.OUE-01 -- 1.32E-06 - o.a4% 0.00% 

3.82E-04 9.01E-09 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH S-ACE SOIL 

SITE 9 

CURRENT SCENARIO 

SOIL - DERMAL 

RECREATIONAL ADULT 

CHEMCAL 

cs SA Ai= ABS EF ELI CF BW ATnc ATc CDinc CDIC RID CSF HI CR % CONTRIB % CONTRIS 

mwN3 cm-2 mg/cm^2 dly Y  kglmg kg d d mglkgld mglkgld mg  Fgld (mgfigld) - 1 NC RISK CARC RISK 

Aroclor- 1260 WOE-02 5600 1 0.06 26 30 IE-06 70 10950 25550 1.30E-06 5.56E-09 - - 7.70E+OO -- 4.26E-08 0.00% 69.52% 

Arsenic 3.10E+Oa 5600 1 0.001 26 30 IE-06 70 10950 25550 l.Q7E-06 8.44E-09 3.OOE-04 1.75E+OO 657E-05 1.46E-06 12.59% 24.01% 

Beryllium 3.4OE-Of 5600 1 0.001 28 30 IE-06 70 10950 25550 2.16E-09 9.26E-10 5.OOE-03 4.30E+OO 4.32E-07 3.96E-09 0.00% 6.47% 

Iron 929E+03 5600 1 0.001 20 30 IE-06 70 10950 25550 5.QOE-05 2.53E-05 3.OfJE-01 -- l.Q7E-04 - 37.74% 0.00% 

Manganese 2.02E+02 5600 I 0.001 26 30 iE-06 70 10950 25550 1.28E-06 5SOE-07 5.00E-03 -- 2.57E-04 - 49.24% 0.00% 

Zinc &49E+Ol 564M 1 0.001 26 30 IE-06 70 10950 25550 5.4OE-07 2.31E-07 3.OOE-01 -- l.BOE-06 - 0.34% 0.00% 

TOTAL 5.22E-04 6.16E-06 100.00% 100.00% 



SUMMARY a: CHRONIC DAlLY INTAKE (CDI) AND f’OTENllAL NONCARCINDGENIC 

AND CARCINOGENIC RISKFRDM DERMALCONTACT WITH SUEACE SOIL 

SITE 9 

CURRENT SCENARIO 

SCIL - DERMAL 

WORKER ADULT 

CHEMCAL 

Aroclor-126U 

Arsenic 

Beryllium 
Iron 

Manganese 

Zinc 

TOTAL 

CS SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIS 

m&i cm^2 mglcm^2 dlv Y kglmg kg d d mglkgld mglkgld mglkgld (mg/kg/d)-1 NC RISK CARC RISK 

3.4OE-02 5600 1 0.08 250 25 IE-06 70 9125 25550 l.lM-07 4.13E-06 -- 7.70E+OO -- 3.16E-07 0.00% 699.52% 

3.10E+OO 5600 1 0.001 250 25 IE-06 70 9125 25550 1.76E-07 6.26E-06 3.00E-04 1.75E+Oi1 5.66E-04 i.lOE-07 12.59% 24.01% 

3.4OE-01 5600 I 0.001 250 25 IE-m 70 9125 25550 1 .Q3E-06 6.8QE-09 5.00E-03 4.30E+OO 3.86E-06 2.96E-06 0.08% 6.47% 
9.2QE+o3 5600 1 0.001 250 25 IE-06 70 9125 25550 5.27E-04 1.86E-04 3.00E-01 -- 1.76E-03 - 37.74% 0.00% 

2.02E+M 5600 1 0.001 250 25 IE-06 70 9125 25550 i.l5E-05 4.09E-06 5.00E-03 -- 229E-03 - 49.24% 0.00% 

e.49E+o1 5800 1 0.001 250 25 IE-06 70 9125 25550 4.62E-06 1.72E-06 3.OUE-Ol-- i.61E-05 - 0.34% 0.00% 

4.66E-03 4.56E-07 iOO,oo% 100.00% 



SUMMARY DF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARClNDGEMC WSKFFIDM INGESTION OF SUAACE SOIL 
SITE 9 

FUTURE SCEMO 

SolL - INGESTION 

RESIDENT CHILD 

CHEMCAL 

cs IR FI EF ED CF EW ATnc 

mgfkg mgfd % Y kg/mg kg d 

ATc ccinc CDIC RfD CSF HI CR % CONTRl8 % CONTRIB 
d mg/kg/d mgikgfd mgfkg fd (mglkgld) - 1 NC RISK CARC RISK 

Aroclor-1260 3.4OE-02 200 1 350 6 lE-06 15 2190 25550 4.35E-07 3.73E-06 -- 7.70E+OO -- 2.87E-07 0.00% 3.66% 

Arsenic 3,lOE+CXI 2M) 1 350 6 lE-06 15 2190 25550 3.96E-05 3.4OE-06 3.OOE-04 1.75E+OO 1.32E-01 5.95E-06 12.59% 75.09% 

Beryllium 3.4OE-01 200 1 350 6 IE-06 15 2190 25550 4.35E-06 3.73E-07 5OOE-03 4.30E+oo 6.69E-04 i.60E-06 0.08% 20.45% 

Iron 9.29E+03 200 1 350 6 lE-06 15 .2190 25550 i.l9E-01 l.O2E-02 3.OOE-01 -- 3.Q6E-01 -- 37.74% 0.00% 

Manganese 2.02E+02 2M) 1 350 6 lE-06 15 2190 25550 2.56E-03 2.2lE-04 5.COE-03 -- 5.17E-01 -- 49.24% 0.00% 

Zinc 6.49E+O1 200 1 350 6 IE-06 15 2190 25550 l.OQE-03 9.30E-05 3.00E-01 -- 3.62E-03 -- 0.34% 0.00% 

TOTAL l.O5E+OO 7.63E-06 100.00% 100.00% 



SUMMAHY OF CHRDNIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINCIGEMC RISK FROM INGESTION OF SURACE SCIL 

SITE 9 

FUTURE SCENAFUO 

SOlL - INGESTION 

RESIDENT ADULT 

CHEMCAL 

CS 

wFg 

IR FI EF ED CF SW ATnc ATc CDh clnc FifD CSF HI CR % CONTRIB % CONTRIS 

w/d W Y  kg/mg kg d d mglkgld mglkgld rwlkgld (mg/kgld)- 1 NC RISK CARC RISK 

Aroclor-lP@I 3.4OE-02 100 1 350 30 lE-06 70 10950 25550 4.66E-06 2.WE-06 -- 7.70E+00 -- 1.54E-07 0.00% 3.66% 

Arsenic 3.10E+OO 100 1 350 30 lE-06 70 10950 25550 4.25E-06 1.82E-06 3.OOE-04 

3b 

1.75E+OO 1.42E-02 3.16E-06 12.59% 75.09% 

Beryllium 3.4OE-01 100 1 350 lE-06 70 10950 25550 4.66E-07 2.00E-07 5.OOE-03 4.30E+OO 9.32E-05 6.5flE-07 0.08% 20.45% 

IrOn 9.29E+03 100 1 350 30 lE-06 70 10950 25550 1.27E-02 5.45E-03 3.OOE-Ol-- 4.24E-02 - - 37.74% 0.00% 

Manganese 2.02E+02 100 1 350 30 lE-06 70 10950 25550 2.77E-04 i.lQE-04 5.00E-03 -- 5.53E-02 -- 49.24% 0.00% 

Zinc &49E+of 100 1 350 30 tE-06 70 10950 25550 l.l6E-04 4.96E-05 3.00E-01 -- 3.86E-04 -- 0.34% 0.00% 

TOTAL 1.12E-01 4.20E-06 lM).OO% fW.OQ% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM DEFIMAL CONTACT WITH SlJF#=ACE SOIL 

SITE 9 

FUTURE SCENARO 

SDIL - DERMAL 

RESIDENT CHILD 

CHEMCAL 

cs SA A!= ABS EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIE % CONTRIB 

NW cm^2 mg/cm^2 d/v Y  kg/mg kg d d mglkgld mglkgld mctlkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Aroclor-1260 3.4OE-02 1620 1 0.06 ‘350 6 IE-06 15 2190 25550 2.37E-07 2.03E-06 -- 7.70E+OO -- 1.57E-07 0.00% 69.52% 

Arsenic 3.10E+OO 1820 1 O.cxll 350 6 IE-06 15 2190 25550 3.61E-07 3.oQE-06 3.OOE-04 1.75E+OO i.20E-03 5.4lE-06 12.59% 24.01% 

Beryllium 3.4OE-01 1620 1 0.001 350 6 iE-06 15 2190 25550 3.96E-0.3 3.3QE-09 5.00E-03 4.30E+OO 7.91E-06 1.46E-06 0.06% 6.47% 

Iron 9.2QE+03 1820 1 O.ChJi 350 6 iE-06 15 2190 25550 i.OBE-03 9.26E-05 3.OOE-Ol -- 3.60E-03 - 37.74% 0.00% 

Manganese 2.02E+02 1820 1 0.001 350 6 lE-06 15 2190 25550 235E-05 2.01E-06 5.00E-03 -- 4.70E-03 - 49.24% 0.00% 

Zinc 6.49E+Ol 1820 1 0.001 350 6 IE-06 15 2190 25550 QME-06 6.47E-07 3.OOE-Oi -- 3.29E-05 - 0.34% 0.00% 

TOTAL 9.55E-03 2.25E-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC FUSKFRCIM DERMAL CONTACTWITH SUAACE SOIL 

SITE 9 

FUTURE SCENARO 

SolL - DERMAL 

RESIDENT ADULT 

CHEMCAL 

cs SA AF ABS EF ED CF BW ATnc ATc Cfnrlc cm IifD CSF HI CR % CONTRIB % CONTRIB 

msh cmA2 mg/cmA2 W Y  kglmg kg d d mglkgld mglkgld mgFgld (mg/kg/d)-1 NC RISK CARC RISK 

Aroclor- 1260 3.4OE-02 5600 1 0.06 350 30 IE-06 70 10950 25550 1.62E-07 6.95E-06 -- 7.70lz+OO -- 5.35E-07 0.00% 69.52% 

Arsenic 3.loE+oo 5600 1 0.001 350 30 IE-06 70 10950 25550 2.&E-07 l.O6E-07 3.00E-04 1.75E+OO 8.21E-04 1.65E-07 12.59% 24.01% 

Beryllium 3.4OE-01 5600 1 0:ool 350 30 lE-06 70 10950 25550 2.70E-06 l.lM-06 5.OOE-03 4.30E+OO 5.4OE-06 4.96E-06 0.06% 6.47% 

Iron 9.29E+O3 5600 1 0.001 350 30 IE-06 70 10950 25550 7.36E-04 3.16E-04 3.00E-Ol-- 2&E-03 - 37.74% 0.00% 

Manganese 2.02E+02 5800 1 0.001 350 30 IE-06 70 10950 25550 1.60E-05 6.66E-06 5.OOE-03 -- 3.21E-03 - 49.24% 0.00% 

Zinc 6.49E+Ol 5800 1 0.001 350 30 IE-06 70 10950 25556 6.75E-06 2.69E-06 3.OOE-Oi -- 2.25E-05 - 0.34% 0.00% 

TOTAL 6.52E-03 7.69E-07 100.00% 1 00.00% 



CONSTlTLJENTS DETECTED IN GROUNDWATER SAMPLES 
SlTE 9 

NAVAL AMPHIBIOUS BASE - LTI-TLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Constituent requenc) 
of 

Range of Detected Federal 
Concentrations MCL 

(us/l) WV la] 

Tap 

INORGANICS 
Aluminum 
Arsenic [e] 
Barium 
Cadmium 
Calcium 
Chromium 
Cobalt [e] 

Copper I4 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Sodium 
Vanadium [e] 
Zinc 

41 4 
31 4 
41 4 
11 4 
41 4 
21 4 
41 4 
41 4 
41 4 
31 4 
41 4 
41 4 
41 4 
41 4 
21 4 
41 4 

41 4 
41 4 
41 4 
41 4 

115j 
5.4j 
22 b 

679O.Oj 
7.9 b 0.016 

371.0 
4.8 j 
- 130000.0 

14.2 
3.4 b 

17.4 b 
21600.0 

10.8 j 
17600.0 

334.0 
12300.0 610 

- 1.6E+O4 
21.3 b 

453.0 

I 

, 11000 
0.038 

260 
18 

Health 
\dvisory 

[cl u9m 

5c 
2000 

5 
2990 
13.9 
3.3 b 
5b 

4240 
6.1 j 
1250 
48.4 
1890 
3420 
18.9 b 

50 

18 
220 
140 

1.0 

18 
73 

1oc 

1300 

100 

26 
1100 

ANIONS 
Alkalinity 
Bicarbonate alkalinity 
Chloride 
Sulfate 

Notes: 
a. Federal MCL concentration values represent US Federal Contaminant Level for potable water supplies 
b. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

NO 
50 YES 

1000 YES 
0.4 NO 

NO 
50 NO 

NO 
1000 NO 

YES 
50 YES* 

NO 
NO 
NO 

270000 NO 
NO 

50 YES 

30000 YES 
YES 

50000 NO 
50000 NO 

Concentration Table except for aluminum which is obtained from the Januay 7,1994 RBC Table using a target hazard 
quotient of 0.1. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Cffice of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
e. Constituent concentration is five times greater than the maximum detected in blank (b). 
l Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 



SLJMMARY U= CHRONIC DAlLY INTAKE (CDI) AND POlENllAL NONCARCINOGEMC 

AND CARCINOGENIC FUSKFFKIY INGESTION OF GROUN[IWATER 
SITE 9 

FUTURE SCENAFIO 
GROUNDWATER - INGESllON 

RESIDENT (EXPOSED AS TRESPASSEFURECFiEAllONAL) CHILD 

CHEMCAL 

cw 
WR 

CR EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

Ud d& Y w/w kg d d mg/kQ/d mglkgld mglkgld @‘w/kg/d) - 1 NC RISK CARC RISK 

Arsenic 7.9OE+00 1 14 6 iE-03 15 2190 25550 2.02E-05 1.73E-06 3.00E-04 1.75E+W 6.73E-02 3.03E-06 25.05% 100.00% 
Barium 3.71E+02 1 14 6 IE-03 15 2190 25550 9.49E-04 8.13E-05 7.OOE-02 -- 1.36E-02 -- 5.04% 0.00% 
Iron 2.16E+04 1 14 6 lE-03 15 2190 25550 5.52E-02 4.73E-03 3.OOE-01 -- 1.64E-01 -- 66.46% 0.00% 
Zinc 4.53E+02 1 14 6 lE-03 15 2190 25550 l.l6E-03 9.93E-05 3.00E-01 -- 3.86E-03 -- 1.44% 0.00% 

TOTAL 2.6x-01 3.03E-06 100.00% 1 Oo.M)% 



SUMMARY CF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NDNCARCINDGENIC 

AND CARCINOGENIC RISKFRDM INGESTlON OF GROUNWATER 

SITE I3 

FUTURE SCENAMO 

GROUNDWATER - INGESTION 

RESIDENT (EKPOSED AS TRESPASSER/RECREATIONAL) ADULT 

CHEMCAL 

CW 

WR 

CR EF ED CF BW ATnc ATc CDlnc 

Ud dlv Y mglug kg d d mglkgld 

cm 

mglkgld 

RID 
mgikgld 

CSF 

(mglkgld) - 1 

HI CR % CONTRIB % CONTRIB 

NC RISK CARC RISK 

Arsenic 7.QOE+OO 2 20 30 IE-06 70 10950 25550 1.73E-08 7.42E-09 3.OOE-04 1.75E+00 5.77E-05 1.30E-06 25.05% 100.00% 
Barium 3.7lE+M 2 26 30 IE-06 70 10950 25550 8. i3E-07 3.46E-07 7.OOE-02 -- l.l6E-05 -- 5.04% 0.00% 
Iron 2.16E+O4 2 26 30 lE-06 70 10950 25550 4.73E-05 2.03E-05 3.OOE-01 -- i.!XE-04 -- 88.48% 0.00% 
Zinc 4.53E+O2 2 26 30 IE-06 70 10950 25550 993E-07 4.26E-07 3.OOE-01 -- 3.31E-08 -- 1.44% 0.00% 

TOTAL 2.30E-04 1.30E-06 iOO.W% 100.00% 



SUMMARY OF CHHOMC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 
AND CARCINOGEMC RISK FROM DERMAL CONTACT WITH GROUNDWATER 

SITE 9 

FUTURE SCENARO 

GAOIJNDWATER - DEFIMAL 

RESIDENT (U(POSED AS TFlESPASSER/RECFiEATlONAL) CHILD 

CHEMCAL 
cw SA PC ET EF ED CF SW ATnc ATc CDfnc CDfC RfD CSF HI CR % CONTRIQ % CONTRIB 

WR cmn2 cm/hr hrld d/y y L mglcm”3 ug kg d d mglkgld mgikgld mglkgld VwWd)-1 NC RfSK CARC RISK 

Arsenic 79OE+OO 7260 0.001 l ** 0.2 14 6 iE-06 15 2190 25550 1.47E-07 1.26E-06 3OOE-04 1.75E+OO 4.XIE-04 Z.ZlE-06 25.19% 100.00% 
t?arium 3.71E+02 7260 0.001 l ** ,0.2 14 6 IE-06 15 2190 25550 6.9lE-06 592E-07 7.OOE-02 - - 9.67E-05 - 5.07% 0.00% 
Iron 2.16E+O4 7230 0.001 l ** 0.2 14 6 IE-06 15 2190 25550 4.02E-04 345E-05 3.@JE-01 -- 1.34E-03 - 6667% 0.00% 
Zinc 4.53E-MQ 7260 O.ooo8 l 0.2 14 6 IE-06 15 2190 25550 5.0+x-06 4.34E-07 3.9OE-Ol-- 1.69E-05 - 0.67% 0.00% 

TOTAL 1.95E-03 2.21E-05 100.00% 100.00% 

* Chemical specific derrml permeability constant-estimated value, USEPA 1992 
l * Chemical specific dermal permeabilky constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-defaufl value, USEPA, 1992 

l **‘+ Chemical spedfic dermal permeability constant (PC) not available. Used water PC, USEPA 1992. 



SUMMARY OF CHRGNtC DAJLY INTAKE (CDI) AND PGTENRAL NONCARClNGGENfC 

AND CARCtNGGEMC RISKFRDM DERMALCONTACT WITH GROUNDWATER 

SITE 9 

FUTURE SCENAFUO 

GROUNDWATER - DERMAL 

RESIDENT (EXPGSED AS TRESPASSEWRECREATfONAL) ADULT 

CHEMCAL 

Arsenic 

Barium 
IrOn 
Zinc 

TOTAL 

cw SA PC ET EF ED CF BW ATnc ATc CDlnc clnc RfD CSF HI CR % CONTRIB % CONTRIB 

WA cm-2 cm/hr hr/d d/y y L mg/cm*3 ug kg d d mglkgld m&T/d mglkgld (ma/kg/d)-1 NC RISK CARC RISK 

7.90E+OO 23000 0.001 l ** 0.2 28 30 IE-06 70 10950 25550 1.9QE-07 8.53E-08 3OOE-04 1.75E+OO 664E-04 1.49E-07 25.19% 10090% 
371E+O2 23060 o.c61 l ** 0.2 28 30 IE-06 70 10950 25550 9.35E-06 4.0lE-06 7.OOE-02 -- 1.34E-04 - 5.07% 0.00% 
2.16E+O4 23COO 0.001 l ** 0.2 28 30 lE-06 70 10950 25550 5.44E-04 2.33E-04 3.OOE-01 -- 1.81E-03 - 68.87% 0.00% 
4.53E+O2 23c00 0.ooo8* 0.2 28 30 IE-06 70 10950 25550 6.85E-06 294E-08 3.OOE-01 -- 2.28E-05 - 0.87% 0.00% 

2.63E-03 1.49E-07 100.00% 100.00% 

l Chemical specific demwl permeability constant-estimated value, USEPA 1992 
l * Chemical specific dermal permeability consfant-measured, USEPA 1992 
l ** Chemical specilic dermal permeability constxnt-default value, USEPA, 1992 

**‘* Not available chemical specific derrnal permeability constant (PC). Used PC of water, USEPA 1988 



Donstituent 

XSSOLVED METALS: 
NORGANICS 
Aluminum 
Arsenic [e] 
Barium 
Cadmium 
Calcium 
Chromium 
Cobalt [e] 
Iron 
Magnesium 
Manganese 
Potassium 
Sodium 
Zinc 

F 

t 

CONSTD-UENTS DETECTED IN GROUNDWATER SAMPLES 
SrfE 9 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH. VIRGINIA 

iequency Range of Detected Federal Tap Health Virginia Ground Potential 
of Concentrations MCL Water Advisory Water Stds. Concern 

Ietectfon &l/l) (us/l) [a] @g/l) [b] (us/l) [cl (ugfl) 14 

11 4 
11 4 
41 4 
11 4 
41 4 
11 4 ! 21 4 
41 4 
41 4 
41 4 
4/ 4 
41 4 
41 4 

18.5 b 

2650 b 

3.3 b 
190 
1390 
9.5 b 
1206 
3520 
25.5 

766.0 
4.0 b 0.018 

339.0 
4.0 b 
- 122000.0 
7.3 b 

3.4 b 
18900.0 
16600.0 

- 312.0 
11500.0 610 

- 1.5E+04 
421 .O 

11000 
0.038 50 

260 2000 
18 5 

18 100 
220 

18 
73 100 

1100 

NO 
50 YES 

1000 YES 
0.4 NO 

NO 
50 NO 

NO 
YES 
NO 
NO 
NO 

270000 NO 
50 YES 

a. Federal MCL concentration values represent US Federal Contaminant Level for potable water supplies 
b. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum which is obtained from the Januay 7, 1994 RBC Table using a target hazard 
quotient of 0.1. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Cffice of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
e. Constituent concentration is five times greater than the maximum detected in blank (b). 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CARClNOGEMC RISKFROM INGESTION OF GROUNMVATER 

SITE 9 

FUTUAE SCENAFIO 

GROUNDWATER - INGESTTON 
RESIDENT (EXPOSED AS TRESPASSER/RECREATIONAL) CHILD 

CHEMCAL 

DISSOLVED METALS: 

Arsenic 
Barium 

Iron 

Zinc 

cw CR EF ED CF BW ATnc ATc CMnc ccic RfD CSF HI CR % CONTRIB % CONTRIB 

WR Ud dEy Y mglug kg d d mglkgld mglkgld mgikgld @Wkgld)- 1 NC RISK CARC RISK 

4.OOE+OO 1 14 6 lE-03 15 2190 25550 l.O2E-05 8.77E-07 3.COE-04 1.75E+00 3.4lE-02 1.53E-06 16.15% 100X0% 
3.3QE+O2 1 14 6 iE-03 15 2190 25550 8.67E-04 7&E-05 7.00E-02 - - 1.24E-02 - - 5.86% 0.00% 
1.8QE+O4 1 14 6 lE-03 15 2190 25550 4.83E-02 4.14E-03 3.COE-01 -- 1.61E-01 -- 76.29% 0.00% 
4.2iE+02 1 14 6 lE-03 15 2190 25550 l.OBE-03 9.23E-05 3.OOE-01 -- 3.5QE-03 -- 1.70% 0.00% 

TOTAL 2.11E-01 1.53E-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CM) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION OF GROUNWATER 

SITE Q 

FUTURE SCENAFIO 

GROUNDWATER - IffiESTION 
RESIDENT (EXPOSED AS TRESPASSEWRECwAnONAL) ADULT 

CHEMCAL 
DISSOLVED METALS: 
Arsenic 

Barium 

Iron 

Zinc 

cw CR EF ED CF BW ATnc ATc CDlnc CDlc RiD CSF HI CR % CONTRIB % CONTRIB 

w Ud dly Y mglug kg d d mglkgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

4,OOE+OO 2 28 30 lE-06 70 10950 25550 8.77E-09 3.76E-09 3.COE-04 1.75E+OO 2.Q2E-05 6.56E-09 16.15% 100.00% 
3.39E+O2 2 20 30 IE-06 70 10950 25550 7.43E-07 3.18E-07 7.OOE-02 -- 1.06E-05 -- 5.66% 0.00% 
1.69E+04 2 26 30 IE-06 70 10950 25550 4:14E-05 1.76E-05 3.OOE-01 -- 1.36E-04 -- 76.29% 0.00% 
4.21E+O2 2 28 30 IE-06 70 10950 25550 Q.23E-07 3.95E-07 3.OOE-01 -- 3.06E-06 -- l .70% 0.00% 

TOTAL 1.61 E-04 6.56E-09 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM DERMAL CONTACT WITH GFKIUNDWATER 

SITE 9 

FUTURE SCENARO 

GROUNDWATER - DEAMAL 

RESIDENT (EKPOSED AS TRESPASSEWRECREATlONAL) CHILD 

CHEMCAL 

DISSOLVED METALS: 
Arsenic 

Barium 

Iron 
Zinc 

cw SA PC ET EF ED CF BW ATnc ATc Ccinc CDfc RfD CSF HI CR % CONTRIS % CONTRIS 

w- cm-2 cmhr hr/d d/y y Lmglcm”3ug kg d d mgikgld mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK 

4.00E+OO 7280 0.001 l ** 0.2 14 6 IE-06 15 2190 25550 7.45E-08 638E-09 3.OOE-04 1.75E+Oo 2&E-04 f.l2E-08 16.26% 100.00% 

339E+O2 7280 0.001 l ** 0.2 14 6 IE-06 15 2190 25556 6.31E-06 5.41E-07 7.OOE-02 -- 9.02E-05 - 5.90% 0.00% 

1.89E+O4 7280 0.001 l ** 0.2 14 6 lE-06 15 2193 25550 3.52E-04 3.02E-05 3.OOE-01 -- l.l7E-03 - 76.81% 0.00% 
4.21E+M 7280 O.OCG6 l 0.2 14 6 ,lE-06 15 2190 25550 4.70E-06 4.03E-07 3.06E-01 -- 1.57E-05 - 1.03% 0.00% 

TOTAL 1.53E-03 i.l2E-08 lOil.cQ% 100.00% 

l Chemical specific demal permeability constant-estimated value, USEPA 1992 

** Chemical specificdermal permeability constant-measured, USEPA 1932 
l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 

**** Chemical spedfic dermal permeability constant (PC) not available. Used water PC, USEPA 1992. 



SUMMARY OF CHRONIC DAJLY INTAKE (CDI) AND WTENTlALNCNCARClNDGENtC 

AND CARCfNCGENtC RISK FROM DERMAL CONTACT WITH GROUNDWATER 
SITE 9 

FUTtJFlE SCENARO 

GROUNDWATER - DERMAL 
RESIDENT (EKPGSED AS TRESPASSER/RECREATtONAl.) ADULT 

CHEMCAL 

DISSOLVED METALS: 
Arsenic 

Barium 

Iron 
Zinc 

cw SA PC ET EF ED CF SW ATnc ATc CDlnc CDtC RtD CSF HI CR % CONTMS % CONTRIB 
w cmn2 cmfhr hr/d d/y y L mglcm”3 ug kg d d mglkgld mglkgld mglkgld (mg/kg/d)-I NC RISK CARC RISK 

4.wE+OO 23000 0.001 *** 0.2 23 30 IE-03 70 10950 25550 l.OlE-07 432E-03 3.OOE-04 1.75E+OO 3.36E-04 7.53E-08 16.25% 100.00% 
3.39E+O2 23000 0.001 l ** .0.2 28 30 lE-06 70 10950 25550 &54E-05 3.66E-06 7.00E-02 - - 1.22E-04 - 5xQb 0.00% 
1.l59E+o4 23000 0.001 l * *  0.2 20 30 lE-06 70 10950 25550 4.76E-04 2.04E-04 3.OOE-01 -- 1.59E-03 - 76.31% 0.00% 
4.2lE+02 23000 0.0006* 0.2 23 30 tE-05 70 10950 25550 6.37E-03 2.73E-06 3.M)E-01 -- 2.12E-05 - 1.03% Oio% 

TOTAL 2.07E-03 7.56E-oa 100.00% 100.00% 

l Chemical specific dermal permeability constant-estimated value, USEPA 1992 
l * Chemical specific dermal permeability constant-measured, USEPA 19X! 

l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 
l **‘* Not available chemical specific derrral permeability constant (PC). Used PC of water, USEPA 1938 



IEUBK MODEL OPTIONS 
SITE - 9 

Parameter Default Option User Defined Option 
,, :, .: ..:.. ;: : .,.. y..:. ” ‘... “’ ,,:,: ‘,:,, :” ,,,, ,,.‘,.,,, “:,“‘,‘j., .‘. ,:‘I.:, ::,j,,:: :,:.j:‘::: .” ,.,‘:.;.,‘,l:~‘:: ;.,: ,..,’ ‘,:,‘; :,,,. .,,: . . . . ,,.:. :;:,j ,,;:. : .‘.,,., ..;,,, ,,, :. .,:;j ,.,, ,,,, ;::j:.;;,.:, :‘,y:;:,:: ;.:y .‘.. ‘. ..:: c..: I::,,: ,, ,, ,,, ,: . .,.;:. :..:.., ,, ., :,:, : ., .,. ., :: ::. ,: ;,:,y : .,,::::: :,:,. .:,:,,: : ‘. .::..; ,, ., ,... ,:::. ., :.: ,,.. ::. : ,. .,. ,: ,y: >‘:q:j:j:j ,::,,. :, ,.,.,,,..... ,, ,,: : .,.:::,.:.. ‘:: . . . .:. ..’ ,.: . . . . . :.:.:.j..:,.. ,,..: ,.,.. .: : ” ,: ,g jy y,;;;: I::;.:, .;: :~~::~~~,.“‘,:::‘,~:l~,l:: ,::,, ,:’ ,.: .: : :,,, jy:j:A,T:l, :,... I? ; j ;.::: ,;:.:: .; ‘,I 

.,. . . . . : ,,, ,..: :. ,, . . . . . ,:, ,, 

Outdoor air lead concentration (pg/m3) 0.10 0.00 

Ratio of indoor to outdoor air lead 30 00 
concentration (%) 

Time outdoors (hours/day) 
Age = 

O-l year (O-11 mo) 1 1 
l-2 years (12-23 mo) 2 2 
2-3 years (24-35 mo) 3 3 
3-7 years (36-83 mo) 4 4 

Ventilation rate (m*/day) 
Age = 

O-l year (O-11 mo) 2 2 
l-2 years (12-23 mo) 3 3 
2-3 years (24-35 mo) 5 5 
34 years (36-47 mo) 5 5 
4-5 years (48-59 mo) 5 5 
5-6 years (60-71 mo) 7 7 
6-7 years (72-84 mo) 7 7 

Lung absorption ( W) 32 00 

Dietary lead intake (pglm3) 
Age = 

O-l year (O-11 mo) 5.53 0.00 
l-2 years (12-23 mo) 5.78 0.00 
2-3 years (24-35 mo) 6.49 0.00 
3-4 years (3647 mo) 6.24 0.00 
4-5 years (48-59 mo) 6.01 0.00 
5-6 years (60-71 mo) 6.34 0.00 
6-7 years (72-84 mo) 7.00 0.00 

,...:.:: . . . :, ,::,::,. ,,,,I :$:.A ,:,: .,I, ::I :.::::.::.: . :.::, .‘.: ::.. ;‘;:: y,,,:.: ,;; .,.. ::. ‘Y ,,,: ‘, :,:.;‘.:‘;( ,,,. “‘..‘..::,:j:::I..‘::: :::: .;I:.,::.‘..::::,I,.: .j:::::,. ,,),,,,:,,,:,)::,:,::: ::, ,:,,:, ., ,,. ,..,. :..::. ” ‘:..::..;, ‘I ,y:,:,: ::::I’.. ,. ‘:: ,,:,:,, ‘,I ‘:I ,y. :: .( ,: .:.:. ..,.. :,‘::jx :::,..., .‘: ,... ::: . .._.j...,.:...:).:, ,, . 
,. ..:::,::,.::,,.; ,y,,;:.;:j::(,.j :::,. .j:y;:: :?:,::: ,.:.,. .,..: ., :,,,:: ,~,~,,.,:, :..‘j~:j::,l:::,:‘:‘,::. :.,.:>:::: :,,, ,: ,, : ,::,. ,,.: .,.:... .,: ,; . . . . ~ :: :::;...\ ;.:::j(::,j j::: :.:1x:;: ‘;j:j:jF .: ., ,. ;, : ‘:: .“::j.::‘:,: .‘, ,,,,,,. :.. :. ,.~.teiriat~~D.ief...Sauices’ii~I~, ;;jj: ,:j::::i~:jj::j:i.:lil::i::ji:ii:j: (.; :1;::,:j;:::;;y j ‘,:y:‘: .; I:j:;;; ;,; .I : : ::j::q;: ::j;;., >,:;: . ., 

Concentration (pg Pb/g) 
home-grown fruits 
home-grown vegetables 0 0.000 
fish from fishing 0 0.000 
game from hunting 0 0.000 

0 0.000 

Percent of food class (%) 
home-grown fruits 0 0 
home-grown vegetables 0 0 
fish from fishing 0 0 
game from hunting 0 0 



IEUBK MODEL OPTIONS 
SITE - 9 (Continued) 

Parameter Default Option User Defined Option 
.,,.. .’ ,‘,,j. ;,, ‘Y’, ., ‘,. ,,, ,:: ‘: ., ., ..; ,;;., ‘. ” .: ,,,, ,, ;; p*$$W~er,:,., ‘,: ‘.. :. :,,: ~,, ,.I’,,,. ,,‘,::‘~~‘,: .::,,:; : ;;, ,, ,I: 3?,j:; ‘,j 

:,:::; ,, .,. : ..,, ‘. :; : :I. ,.’ ..:,j,: :::,::: ,,. : ,.... ‘.j’, .:, :., ; .: . ” ,’ .’ ::.., j ,,, ‘.: .;:. ‘. ,’ ., ; :’ ,, ,, ,, ..,.,.,,, ..:. 

Lead concentration in drinking water (PgIL) 4 7.9 

Ingestion rate (liters/day) 
Age = 

O-l year (O-11 mo) 0.20 2 
l-2 years (12-23 mo) 0.50 2 
2-3 years (24-35 mo) 0.52 2 
3-4 years (36-47 mo) 0.53 2 
4-5 years (48-59 mo) 0.55 2 
5-6 years (60-71 mo) 0.58 2 
6-7 years (72-84 mo) 0.59 2 

,’ .‘.‘. ‘. ,’ ,. ,:,’ ‘.’ “:~.~il~~f’:,,:~:::,.:~~.-:.‘- : “,:., .. ‘,: :,’ ,‘, 
: 

,, : :. : . . ,:_ ;: ..,,. :.. ,,“‘, )‘. :, ., ;:. ,.,. .,, 

Concentration 
Soil 200 45.3 
Dust 200 45.3 

Soil ingestion as percent of total soil and 45 45 
dust ingestion 

Soil/Dust lead concentration @g/g) 
Age = 

O-l year (O-11 mo) 0.085 0.085 
l-2 years (12-23 mo) 0.135 0.135 
2-3 years (24-35 mo) 0.135 0.135 
3-4 years (36-47 mo) 0.135 0.135 
4-5 years (48-59 mo) 0.100 0.100 
5-6 years (60-71 mo) 0.090 0.090 
6-7 years (72-84 mo) 0.085 0.085 

Dust lead concentration @g/g) 
Age = 0.0 0.0 

l-2 years (12-23 mo) 0.0 0.0 
2-3 years (24-35 mo). 0.0 0.0 
3-4 years (36-47 mo) 0.0 0.0 
4-5 years (48-59 mo) 0.0 0.0 
5-6 years (60-71 mo) 0.0 0.0 
6-7 years (72-84 mo) 0.0 0.0 



IEUBK MODEL OPTIONS 
SITE - 9 (Continued) 

Total lead Absorption (at low intake) 
diet 
drinking water 
soil 
dust 
alternate source 

50 
50 
30 
30 
0 

50 
50 
30 
30 
0 

Fraction of lead absorbed at high intake 
diet 
drinking water 
soil 
dust 
alternate source 

0.2 
0.2 
0.2 
0.2 
0.2 

0.2 
0.2 
0.2 
0.2 
0.2 

I I 

:‘. ; 
..’ .; 
.,“’ .‘..,’ .Mat@al-to-Newbom,Lead Exposure’ ’ : : ; ., 

I I 
Mother’s blood lead level at time of 
birth 

Geometric standard deviation for blood 
lead (GSD) 

2.5 2.5 

1.6 1.6 

Blood lead level of concern 10 10 
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Cutoff: 18.8 ug/dL 
% Clboue: 8.97 
% Below: 99.03 
C. Mean: 3.4 1 

ri 2 4 6 8 10 12 14 16 18 

LECID 8.99d BLOOD LECID CONCENTRnTION <ug/dL> 
72 to 84 Months 

Site 9 



SITE - 10 



Constituent 

JOLATILES 
Acetone 
Toiuene 

SEMI-VOLATILES 
Fluoranthene 
Pyrene 
Benzo(b)fluoranthene 

‘CBS & PESTICIDES 
Dieldrin 
4,4’-DDE 
4,4’-DDD 
4,4’-DDT 
Alpha-chlordane 
Gamma-chlordane 

NORGANICS 
Aluminum 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Vanadium 
Zinc 

CONSTITUENTS DETECTED IN SURFACE SOIL SAMPLES 
SITE 10 

NAVAL AMPHIBIOUS BASES - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Frequency 
)f Detection 

Range of Detected Residential Soil 
Concentrations Concentration 

(w/kg) OwlW [aI 
Potenti’ 
Cancer 

71 8 0.019 0.027 7.80E+02 NO 
s/ 8 0.001 j 0.015 1.60E+03 NO 

I/ 8 0.041 j 3.10E+02 NO 
I/ 8 0.059 j 2.30E+02 NO 
11 8 0.037 j 8.8OE-01 NO 

0.0041 j 

0.035 
0.041 

0.045 

- 

- 

0.005 

0.0024 j 
0.0025 j 

0.023 
0.0093 

4.00E-02 NO 
1.90E+OO NO 
.2.70E+OO NO 
1.90E+OO NO 
4.90E-01 NO 
4.90E-01 NO 

81 8 1240 

81 8 0.8 b 
81 8 10.3 b 

81 8 250 b 

81 8 2.9 

71 8 0.60 b 

81 8 3.2 b 
81 8 2770 
81 8 1.8 
81 8 211 b 

81 8 ISj 

7J 8 3.0 b 

81 8 178 b 

81 8 2.7 b 
81 8 15.1 

9040 
4 

28.4 
1730 

9.7 
2 

16.9 
10900 

19.7 
1540 

131 
5.8 

1790 
16.6 
65.2 

2.30E+04 
3.70E-01 
5.50E+02 

3.90E+Ol 
4.70E+02 
2.90E+02 

3.90E+Ol 
1.60E+02 

5.50E+Ol 
2.30E+03 

NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
YES * 
NO 
YES 
YES 
NO 
NO 
YES 

Notes: 
a. Residential Soil Concentration values obtained from July 11, 1994 USEPA Region III Risk-Based 

Concentration Table except for aluminum where it is obtained from the January 11, 1994 RBC Table 
using a target hazard quotient of 0.1 and a target cancer risk of le-06. 

* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POlENllAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM INGESTION OF SUAACE SCXL 

SITE 10 

CURRENT SCENARIO 

SDIL - INGESTION 

TRESPASSER CHILD 

CHEMICAL 

CS IR FI EF ED CF BW ATnc 

wlkg mgid % Y kg/mg kg d 

ATc CDlnc cDlc RfD CSF HI CR % CONTRIB % CONTRIB 

d mgikgld mglkgld mglkgld (mg/kg/@- 1 NC RISK CARC RISK 

Arsenic 4.OOE+W 2QO 1 14 6 IE-06 15 2190 25550 2.05E-06 1.75E-07 XOOE-04 1.75E+OO 6.62E-03 3.07E-07 26.57% 100.00% 
Iron l.O9E+04 200 1 14 6 IE-06 15 2190 25550 5.57E-03 4.78E-04 3.GOE-01 -- l.mE-02 -- 72.41% 0.00% 
Nickel 5.60E+oo 200 1 14 6 IE-06 15 2190 25550 2.97E-06 2.54E-07 2.OOE-02 -- 1.46E-04 -- 0.58% 0.00% 
Zinc 6.52E+Oi 200 1 14 6 IE-06 15 2190 25550 3.33E-05 2.86E-06 3.00E-01 -- l.ilE-04 -- 0.43% 0.00% 

TOTAL 2.57E-02 3.07E-07 100.00% 100.00% 



SUMMARY OF CHRONIC DA!LY INTAKE (CDI) AND POTENllALNONCARClNOGENlC 

AND CARCINOGENIC RISKFROM INGESTION OF SUAACE SOIL 

SITE 10 

CURRENT SCENAFtiO 

SOIL - INGESTION 

TRESPASSER ADULT 

CHEMCAL 

cs 

msl@ 

IR FI EF ED CF BW ATnc ATc CDlnc CDic RID CSF HI CR % CONTRIB % CONTRIB 

mgld dh’ Y kghg kg d d mgikgld mglkgld mgikgld PwW9- 1 NC RISK CARC RISK 

Arsenic 4,OOE+OO 100 1 26 30 IE-06 70 10950 25550 4.3eJE-07 1 ME-07 wxx-04 1.75E+OO 1.46E-03 3.29E-07 26.57% 100.00% 
Iron 1.09E+o4 100 1 28 30 IE-06 70 10950 25550 l.l9E-03 5.12E-04 3.00E-01 -- 3.98E-03 -- 72.41 % 0.00% 
Nickel 5.6OE+OO 100 1 26 30 IE-06 70 10950 25550 6.36E-07 2.72E-07 2.OOE-02 -- 3.16E-05 -- 0.56% 0.00% 
Zinc 652E+Oi IOU 1 20 30 IE-06 70 10950 25550 7.15E-06 3.06E-06 3.OOE-Ol-- 2.38E-05 -- 0.43% 0.00% 

TOTAL 5.50E-03 3.29E-07 1 oQ.W% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFRDM IffiESTlON OF SURACE SDIL 

SITE IO 

CURRENT SCENARIO 

SDIL - INGESTION 

RECREATIONAL CHILD 

CHEMICAL 

cs IR FI EF ED CF SW ATnc 

w/kg mgld d/y Y kglmg kg d 

ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 
d mglkgld mglkgld mglkgld Owncgld) - 1 NC RISK CARC RISK 

Arsenic 4.OOE+OO 67 1 14 6 lE-06 15 2190 25550 6.85E-07 5.67E-06 3.OOE-04 1.75E+OO 2.26E-03 IXNE-07 26.57% 100.00% 

Iron 1.oQE+o4 67 1 14 6 IE-06 15 2190 25550 1.67E-03 IBE-04 3.MlE-01 -- 6.22E-03 -- 72.41% 0.00% 

Nickel S.tJOE+OO 67 1 14 6 lE-06 15 2190 25550 QME-07 8.52E-06 2.00E-02 -- 4.97E-05 -- 0.50% 0.00% 

Zinc 6.52E+Ol 67 1 14 6 1E-06 15 2190 25550 1.12E-05 9.57E-07 3.00E-01 -- 3.72E-05 -- 0.43% 0.00% 

TOTAL EBJE-03 i.O3E-07 100.00% 100.00% 



SUMMARY OF CHRDNiC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION DF SUAACE SDIL 

SITE 10 

CURRENT SCENARIO 

SolL - INGESTION 

RECREATIONAL ADULT 

CHEMCAL 

Arsenic 

Iron 

Nickel 
Zinc 

cs IR FI EF ED CF BW ATnc ATc CDlnc cm RID CSF HI CR % CONTRIB % CONTRIB 

mafig mg/d d/y Y kglmg kg d d mgikgld mgikgld mgfigld (ma/kg/d)- 1 NC RISK CARC RISK 

4.OOE+OO 33 1 28 30 lE-06 70 10950 25550 1.45E-07 620E-06 3.00E-04 1.75E+OO 4.62E-04 l.O6E-07 26.57% 100.00% 
l.O9E+04 33 1 28 30 IE-06 70 10950 25550 3.Q4E-04 l.risE-04 3.OOE-01 -- 1.31E-03 -- 72.41 % O.oiJ% 
5.60E+@J 33 1 28 30 IE-06 70 10950 25550 2.10E-07 &QQE-06 2.00E-02 -- l.OSE-05 - - 0.58% 0.00% 
6.52E+Ol 33 1 26 30 lE-06 70 10950 25550 2.36E-06 l.OiE-06 3.@JE-01 -- 7.66E-06 -- 0.43% 0.00% 

TOTAL l.ME-03 l.OBE-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAJLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION OF SUAACE SDIL 

SITE IO 

CURRENT SCENARIO 

SOIL - INGESTION 

WORKER ADULT 

CHEMCAL 

cs 

Wk3 

IR FI EF ED CF SW ATnc ATc CDlnc CDlc RfD CSF HI CR % CONTRIB % CONTRIB 

mgld dh’ Y kglmg kg d d mglkgld mg/kg/d mglkgld (mgnCg/d) - 1 NC RISK CARC RISK 

Arsenic 4.OOE+OO 50 1 250 25 IE-06 70 9125 25550 l.sE-06 6.QQE-07 3.OOE-04 1.75E+CO 6.52E-03 1.22E-06 26.57% 100.00% 
Iron 1.09E+o4 50 1 250 ?5 lE-06 70 9125 25550 5.33E-03 l.QOE-03 3.OOE-01 -- 1.76E-02 -- 72.41% 0.00% 

Nickel 5.60E+OO 50 1 250 25 lE-06 70 9125 25550 2.64E-06 l.OlE-06 2.OOE-02 - - 1.42E-04 -- 0.56% 0.00% 

Zinc 6.52E+Oi 50 1 250 25 lE-06 70 9125 25550 3.lQE-05 l.l4E-05 3.OOE-Ol-- l.O6E-04 -- 0.43% 0.00% 

TOTAL 2.45E-02 1.22E-06 100.00% 1 00.00% 



SUMMARY OF CHRDMC DAILY INTAKE (CDI) AND PDTENTTAL NONCARCINOGENIC 

AND CARCINCJCEMC RISK FROM DERMAL CONTACT WITH SUFFACE SOIL 

SITE 10 

CURRENT SCENARlO 

SDIL - DERMAL 
TRESPASSER CHILD 

CHEMCAL 
cs SA AF ABS EF ED CF BW ATnc ATc CDlnc CDic RID CSF HI CR % CONTRIB % CONTRIB 

wnca cm-2 mg/cm^2 W Y kglmg kg d d mgfkgld mgikgld mgikgid (mglkg/d)-I NC RISK CARC RISK 

Arsenic 4.OOE+OO 1820 1 0.001 14 6 lE-06 15 2190 25550 1.66E-08 1.6OE-09 36OE-04 1.75E+W 621E-05 2.79E-09 26.57% 100.06% 

Iron 1 BE+04 1820 I 0.001 14 6 iE-06 15 2190 25550 5.07E-05 4.35E-06 3.OOE-Ol-- 169E-04 - 72.41% 0.00% 
Nickel 569E+OO 1820 1 0.001 14 6 lE-06 15 2190 25550 2.7OE-08 2.31E-09 2.09E-02 -- 1.35E-06 - 0.53% 0.00% 

Zinc 6.52E+Ol 1820 1 0.001 14 6 lE-06 15 2190 25550 3.03E-07 2.60E-08 3.09E-Ol-- l.OlE-06 - 0.43% O.W% 

TOTAL 2.34E-04 2.79E-09 lW.OO% iOO.W% 



SUMMARY OF CHRONIC DAlLY INTAKE (01) AND POTENTIAL NONCARCINDGENIC 

AND CARCINOGENIC RISKFROM DERMALCONTACT WITH S-ACE SOIL 

SITE 10 

CURRENT SCENARIO 

SC4L - DERMAL 

TRESPASSER ADULT 

CHEMCAL 
CS SA AF ABS EF ED CF BW ATnc ATc CDlnc ccic RID CSF HI CR % CONTRIB % CONTRIB 

msks cm^2 mg/cm *2 % Y kglmg kg d d mg/kg/d mglkgld mg/kg/d @w/kg/d)- 1 NC RISK CARC RISK 

Arsenic 4.OOE+Oo 5000 1 o.ooi 26 30 1E-06 70 10950 25550 2.54E-06 1 .oQE-08 3.OOE-04 1.75E+OO 6.47E-05 i.QlE-06 26.57% 1oo.oc% 

Iron 1.OQE+o4 5800 1 0.001 20 30 lE-06 70 10950 25550 693E-05 2.97E-05 3.OOE-01 -- 2.31E-04 - 72.41% 0.00% 
Nickel 560E+M) 5800 1 0.001 26 30 IE-06 70 10950 25550 3.69E-06 1.56E-06 2.OOE-02 -- 1.64E-06 - 0.56% 0.00% 

Zinc 6.52E+Ol 5@JO 1 0.001 20 30 IE-06 70 10950 25550 4. i4E-07 1.76E-07 3.OOE-Ol-- 1.36E-06 - 0.43% 0.00% 

TOTAL 3.1 QE-04 l.QlE-06 100.00% 100.00% 



SUMMARY CF CHRONIC DAILY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CARClNDGENlC RISK FROM DERMAL CONTACT WITH SUFFACE SOIL 

SITE IO 

CURRENT SCENARIO 

SDIL - DERMAL 

RECREAllONAL CHILD 

CHEMCAL 

Arsenic 

Iron 

Nickel 
Zinc 

cs SA PF ABS EF ED CF BW ATnc ATc CDlnc cm RfD CSF HI CR % CONTRIB % CONTRIB 

w/kg cm-2 mglcm^2 W Y kglmg kg d d mglkgld mglkgld mglkgid WWW-O- 1 NC RISK CARC RISK 

4.OOE+Oll 1620 1 0.001 14 6 lE-06 15 2190 25550 1.66E-06 l.aJE-09 XOOE-04 1.75lz+Oo 6.2lE-05 2.79E-09 26.57% 100.00% 
l.O9E+04 1620 1 0.001 14 6 IE-06 15 2190 25550 5.07E-05 435E-06 ZOOE-01 -- 1.&E-04 - 72.41% 0.00% 
5.60E+OO 1620 1 0.001 14 6 IE-06 15 .2190 25550 2.70E-06 23lE-09 2.00E-02 - - 1.35E-06 - 0.56% 0.00% 
6.52E+Ol 1620 1 0.001 14 6 lE-06 15 2190 25550 3.03E-07 2.60E-06 3.00E-01 -- l.OlE-06 - 0.43% 0.00% 

TOTAL 2.34E-04 2.79E-09 100.00% lCJO.W% 



SUMMAFIY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCAfUXNOGENlC 
AND CARCINOGENIC FUSK FROM DERMAL CONTACT WITH SURACE SOIL 

SITE 10 

CURRENT SCENARIO 

SolL - DERMAL 
RECREATIONAL ADULT 

CHEMICAL 

Anenic 

Iron 

Nickel 
Zinc 

cs SA Al= ABS EF ED CF BW ATnc ATc CDlnc cm R1D CSF HI CR % CONTRIB % CONTRIB 

msfis cmn2 mg/cm^2 % Y kglmg kg d d mg/kgld mglkgld mg/kg/d (mg/kg/d) - 1 NC RISK CARC RISK 

4.OOE+OO 5800 1 0.001 28 30 IE-08 70 10950 25550 2.54E-08 l.oQE-08 3.OOE-04 1.75iz+ca 8.47E-05 l.QlE-08 26 57% lOO.oO% 
1.oQE+o4 5800 1 0.001 28 30 IE-06 70 10950 25550 6.93E-05 2.97E-05 3.00E-01 -- 2.31E-04 - 72.41% 0.00% 
5.8a+oo 5800 1 0.001 28 30 IE-06 70 10950 25550 3.6QE-08 1.58E-08 2.OOE-02 -- 1.84E-06 - 0.58% 0.00% 
652E+Ol 5800 1 0.001 26 30 IE-06 70 10950 25550 4.14E-07 1.78E-07 3.OOE-ol -- 1.38E-06 - 0.43% 0.00% 

TOTAL 3.1QE-04 l.QlE-08 100.00% loaoo% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENiC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SURFACE SOIL 

SITE 10 

CURRENT SCENARIO 

SolL - DERMAL 

WORKER ADULT 

CHEMCAL 

cs SA A!= ABS EF ED CF BW ATnc ATc CDlnc CDlc RfD CSF HI CR % CONTRIB % CONTRIB 

mslb cm^2 mg/cm^2 dN Y kg/mg kg d d mglkgld mglkgid mglkgld @wkgld) - 1 NC RISK CARC RISK 

Arsenic 4,OOE+OO 5600 1 0.001 250 25 IE-06 70 9125 2555’3 2.27E-07 6.1 IE-06 XOOE-04 1.75E+Ca 7.57E-04 1.42E-07 26.57% 100.00% 
hn 1.OQE+o4 5600 1 0.001 250 25 IE-06 70 9125 25550 6.lQE-04 2.2lE-04 3.00E-01 -- 2.06E-03 - 72.41% 0.00% 
Nickel 5.60E+OO 5600 1 0.001 250 25 iE-06 70 9125 25550 329E-07 i.lBE-07 2.OOE-02 -- IISE-05 - 0.58% 0.00% 
Zinc 6.52E+01 56M) 1 0.001 250 25 Ifs-06 70 9125 25550 3.70E-06 i.32E-06 3.00E-01 -- 1.23E-05 - 0.43% 0.00% 

TOTAL 2.65E-03 1.42E-07 1 00.00% ioo.OO% 



SUMMARY OF CHRONIC DA!LY INTAKE (CDI) AND WTENTIAL NONCARCINOGENJC 

AND CARCINOGENIC RISKFROM INGESTlON OF SUAACE SDIL 
SITE 10 

FUTURE SCENAFIO 

SC4L - INGESTlON 
RESIDENT CHILD 

CHEMCAL 
cs 

mai% 

IR FI EF ED CF BW ATnc ATc CDlnc CDlc R1D CSF HI CR % CONTWB % CONTRIS 

mgld % Y kglmg kg d d mglkgld mgikgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Arsenic 4,OOE+W 200 1 350 6 lE-08 15 2193 25559 5.1 IE-05 438E-06 ZOOE-04 1.75E+W 1.70E-01 7.67E-06 26.57% 1W.OCl% 

Iron 1.99E+O4 2M) 1 350 ,6 1E-06 15 2190 25559 1.39E-01 l.l9E-02 3.00E-01 - - 4.65E-01 -- 72.41% 0.00% 
Nickel 5.8oE+oLl 200 1 350 6 lE-06 15 2190 25559 7.42E-05 6.36E-06 2.OOE-02 -- 3.71E-03 -- 0.58% 0.00% 

Zinc 6.52E+Ol 200 1 350 6 lE-06 15 2190 25550 8.34E-04 7.15E-05 3.00E-01 -- 2.78E-03 -- 0.43% 0.00% 

TOTAL 6.41E-01 7.67E-06 iW.W% iW.W% 



SUMMARY a: CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CAAC~NOGEN~C RISKFROM INGESTION ff SUAACE saL 
SITE 10 

FUTURE SCENAFUO 

SCML - IffiESllON 
RESIDENT ADULT 

CHEMCAL 

CS 

mghs 

IR FI EF ED CF BW ATnc ATc CMnc cm ml CSF HI CR % CONTRIB % CONTRIB 
mgld % Y kglmg kg d d mglkgld mglkgld mglkgld 0wlkQld) - 1 NC RISK CARC RISK 

Arsenic 4.00E+OO 100 1 350 30 IE-06 70 10950 25550 5.46E-06 235E-08 XOOE-04 1.75E+OO 1.6X-02 4.llE-06 26.57% 100.00% 

Iron 1.OQE+o4 lea 1 350 30 IE-06 70 10950 25550 1.49E-02 64OE-03 3.00E-01 -- 4.96E-02 -- 72.41% 0.00% 

Nickel 5.80E+OO 100 1 350 30 IE-06 70 10950 25550 7.95E-06 3.41E-06 Z,OOE-02 -- 3.97E-04 -- 0.58% 0.00% 

Zinc 6.52E+Ol 100 1 350 30 IE-06 70 lo950 25550 &93E-05 3.63E-05 3.OOE-01 -- 2.96E-04 -- 0.43% 0.00% 

TOTAL 6.87E-02 4.11E-06 190.00% loo.OCl% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CAFKINOGENIC RISK FROM DERMAL CONTACT WITH SUAACE SOIL 
SITE 10 

FUTURE SCENAFPO 

SolL - DERMAL 
RESIDENT CHILD 

CHEMCAL 

cs SA AF ASS EF ED CF BW ATnc ATc CDlnc CDic R1D CSF HI CR % CONTRIS % CONTRIS 

mgFa cm^2 mglcm^2 d/y Y kglmg kg d d mglkgld mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK 

Arsenic 4.OOE+OO 1620 1 0.001 350 6 IE-06 15 2190 25550 4.65E-07 WQE-00 XOOE-04 1.75E+Ofl 1.55E-03 6.96E-08 26.57% 100.00% 

Iron l.O9E+04 1620 1 0.001 350 6 lE-06 15 2150 25550 1.27E-03 l.O9E-04 3.OOE-01 -- 4.23E-03 - 72.41% 0.00% 

Nickel 5.6OE+OO 1620 1 0.001 350 6 IE-06 15 2190 25550 6.75E-07 5.70E-00 2.00E-02 -- 3.37E-05 - 0.50% 0.00% 
Zinc 6.52E+Ol 1820 1 0.001 350 6 IE-06 15 2190 25550 7.59E-06 6.50E-07 3.OOE-01 -- 2.53E-05 - 0.43% 0.00% 

TOTAL 5.64E-03 6.96E-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARClNOGENlC RISKFRDM DERMAL CONTACTWITH SlMACE SOIL 

SITE 10 

FUTURE SCENAFIO 

SOIL - DERMAL 
RESIDENT ADULT 

CHEMCAL 
cs SA A!= ABS EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

mglh3 cm”2 mg/cm^2 dJY Y kglmg kg d d mgkgld mglkgld mglkgld (mg/kg/d)-1 NC RISK CARC RISK 

Arsenic 4.OOE+OO 5600 1 0.001 350 30 IE-06 70 10950 25550 3.16E-07 1.36E-07 3.OOE-04 1.75E+00 l.C6E-03 2.38E-07 26.57% 100.00% 
Iroll 1.09E+o4 5800 1 0.001 350 30 IE-06 70 10950 25550 8.66E-04 3.7iE-04 3.00E-01 -- 2.89E-03 - 72.41% 0.00% 
Nickel 5.EoE+oo 5600 1 0.001 350 30 lE-06 70 10950 25550 4.61E-07 1.97E-07 2.OOE-02 -- 2.30E-05 - 0.56% 0.00% 
Zinc 652E+Oi 5600 1 0.001 350 30 lE-06 70 10950 25550 5.18E-06 2.22E-06 3.OOE-01 -- 1.73E-05 - 0.43% 0.00% 

TOTAL 3.99E-03 2.36E-07 100.00% iCO.oO% 



CONSTlTUENTS DETECTED IN GRCUNDWATER SAMPLES 
SlTE 10 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH. VIRGINIA 

Zonstihrent 
Frequency 
d Detectior 

Range of Detected Federal 
Concentrations MCL 

(ugn) .IKaLkL 

Water 

cLlsm 

Health Virginia Ground 
Advisory Water Stds. Potential 

lum ICI cum (4 Concern 

4NIONS 
Alkalinity, Total 
Alkalinity, Bicarbonate 
Chloride 
Sulfate 

8000 - 197000 30000 YES 
8000 - 197000 YES 
8500 - 34000 50000 YES 
6800 - 172000 50000 YES 

I NORGANICS 
Aluminum 
Arsenic 
Barium [e] 
Beryllium [e] 
Cadmium 
Calcium 
Chromium [e] 
Cobalt [e] 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Nickel 
Potassium 
Sodium 
Vanadium 
Zinc 

536 - 4630 j 
4.2 b - 21.2 
23.6 b - 19Ob 

1.3 b 
4.6j - 6.3 j 

34300 - 86600 
6.5 b - lob 
3.9 b - 25.2 b 
7.1 b - 26.7 
2020 - 108000 

2j - 25 
34203 - 8940 

113 - 1000 
105 

3520 b - 6790 
4730 b - 24700 

l5b 
122 - 8490 

0.01 a 
11000 
0.038 

280 
0.016 

18 

18 
220 
140 

610 
18 
73 

50 
2000 

4 
5 

100 

1300 

100 

26 
1100 

NO 
50 YES 

1000 NO 
YES 

0.4 YES 
NO 

50 NO 
NO 

1000 NO 
YES 

50 YES* 
NO 
NO 
YES 
NO 

270000 NO 
NO 

50 YES 

Notes: 
a. Federal MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum which is obtained from the Janvay 7,1994 RBC Table using a target hazard 
quotient of 0.1. 

Tap 

c. Health Advisory Concentration values obtained from December 1993 USEPA Cffice of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 

e. Constituent concentration is five times greater than the maximum detected in blank (b). 



SUMMARY U= CHRONIC DA!LY INTAKE (CDI) AND POTENTIAL NONCAFICINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION OF GROUNIMATER 

SITE 10 

FUTURE SCENAFIO 
GROUNDWATEFt - INGESTION 

RESIDENT (EXPOSED AS TF3ESPASSEtURECREATlONAL) CHILD 

CHEMCAL 

cw CR EF ED CF SW ATnc ATc Clnnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

w- Ud % Y  mglug kg d d mglkgld mglkgld mglkgld (mgikgld) - 1 NC RISK CARC RISK 

AKmiC 212E+Oi 1 14 13 IE-03 15 2190 25550 5.42E-05 4.65E-06 XOOE-04 1.75E+W IBIE-01 6.13E-06 15.21% 66.91% 

Beryllium 130E+OO 1 14 6 IE-03 15 2190 25550 3.32E-06 2.65E-07 5.OOE-03 4.30E+CiI 6.65E-04 1.23E-06 0.06% 13.09% 

Iron 1 BE+05 1 14 6 IE-03 15 2190 25550 2.76E-01 2.37E-02 3.WE-01 -- 9.2lE-01 -- 77.51% 0.00% 

Nickel 1.05E+02 1 14 6 IE-03 15 2190, 25550 2.68E-04 2.30E-05 2.OOE-02 -- l .34E-02 -- 1.13% O.M)% 

Zinc 649E+@3 1 14 6 iE-03 15 2190 25550 2.17E-02 1.66E-03 3.OOE-01 -- 7.24E-02 -- 6.09% 0.00% 

TOTAL 1.19E+OO 9.36E-06 100.00% 100.00% 



SUMMARY CF CHROMC DAJLY INTAKE (CDI) AND POTENllAL NONCARCINDGEMC 

AND CARClNDGENlC RISKFROM INGESllON OF GROUN~ATER 

SITE 10 

FUTURE SCENAFIO 

GROUNDWATER - INGESIlON 

RESIDENT (EXPOSED AS TRESPASSEWFiECREAllONAJJ ADULT 

CHEMCAL 

cw CR EF ED CF BW ATnc ATc 

w Ud dh’ Y  mglug kg d d 

Arsenic 2,12E+Ol 2 28 30 lE-06 70 10950 25550 

Beryllium 1.30E+Oo 2 20 30 ,lE-06 70 10950 25550 

Iron 1.06E+05 2 28 30 lE-06 70 10950 25550 

Nickel l.O5E+02 2 28 30 IE-06 70 10950 25550 

Zinc 0.49lG+o3 2 26 30 IE-06 70 10950 25550 

CDlnc CDlc IiiD CSF HI CR % CONTRIB % CONThB 

mglkgld mglkgld mgikgld (mglkgld) - 1 NC FISK CARC RISK 

4.65E-06 1.99E-08 3.OOE-04 1.75E+O’J 1.55E-04 3.46E-06 15.21% 66.91% 

2.65E-09 lZ!E-09 5.OOE-03 4.30E+CO 5.70E-07 5.25E-09 0.06% 13.09% 

2.37E-04 l.OlE-04 3.OOE-01 -- 7.89E-04 -- 77.51% 0.00% 
2.30E-07 9.86E-06 2.00E-02 -- l.l5E-05 -- 1.13% 0.00% 

l&E-05 7.97E-06 3.OoE-01 -- 6.2OE-05 -- 6.09% O.ocl% 

l.O2E-03 4.01E-06 100.06% 100.00% TOTAL 



SUMMARY CF CHRONIC DAfLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 
AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH GROUNDWATER 

SITE 10 

FUTURE SCENAIIO 

GRDUNDWATER - DERMAL 
RESIDENT (EKPDSED AS TRESPASSEWRECREATIDN CHfLD 

CHEMCAL 

Arsenic 

Beryllium 

Iron 

Nickel 
Zinc 

cw SA PC ET EF ED CF BW ATnc ATc CMnc cflc RfD CSF HI CR % CONTRIB % CONTRIB 

43~ cm*2 cm/hr hrld d/y y L mglcm”3 ug kg d d mgikgld mglkgld mglkgld hMWJl- 1 NC RISK CARC Ri3K 

2.12E+Oi 7230 0.001 l ** 0.2 14 6 lE-06 15 2190 25550 3Q5E-07 336E-06 3.OOE-04 1.75E+OQ 1.32E-03 5Q2E-06 15.59% 68.91% 
1.30E+OQ 7280 0.001 l ** 0.2 14 6 tE-06 15 2190 25550 2.42E-08 2.07E-09 5.OOE-03 430E+OQ 464E-06 &Q2E-OQ 0.06% 13.OQ% 
i.O3E+05 7280 0.001 l ** 0.2 14 6 lE-06 15 2190 25550 2.01E-03 1.72E-04 3.MIE-01 -- .6.70E-03 - 79.44% 0.00% 
l.O5E+02 7260 0.001 l ** 0.2 14 6 IE-06 15 2190 25550 l.Q5E-06 1.65E-07 Z.OOE-02 -- 9.77E-05 - 1.16% 0.00% 
0.4QE+o3 7260 0.0006 l 0.2 14 6 IE-06 15 2190 25550 9.46E-05 &13E-06 3.OOE-Ot -- 3.16E-04 - 3.75% 0.00% 

TOTAL &44E-03 6.61 E-08 lOQ.OO% lOQ.OO% 

* Chemical specific derml permeability constant-estimated value, USEPA lQQ2 
** Chemical specific dermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 
l *** Chemical specific dermal permeability constant (PC) not available. Usedwater PC, USEPA 1992 



SUMMAAY OF CHRONlC DAlLY INTAKE (CDI) AND POENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISK FRDM DEfIMAL CONTACT WITH GROUNDWiTER 

SITE 10 

FUTURE SCENARO 

GROUNDWATER - DERMAL 

RESIDENT (EXPOSED AS TRESPASSE~RECREATlONAL) ADULT 

CHEMCAL 

cw SA PC ET EF ED CF BW ATnc ATc cmlc ant RfD CSF HI CR % CONTRIB % CONTRIB 

w- cm”2 cm/hr hdd d/y y Lmg/cm^3ug kg d d mglkgld mglkgld mglkgld (mglkgldkl NC RISK CARC RISK 

Arsenic Z.lZE+Ol 23669 0.001 l ‘* 0.2 28 30 lE-06 70 10950 25550 534E-07 2.29E-07 3.WE-04 1.75E+OO 1.76E-03 4.01 E-07 15.59% 06.91% 

Beryllium 1.30E+OO 23000 0.001 l ** 0.2 28 30 lE-06 70 10950 25550 3.28E-08 1.4OE-08 S.OOE-03 4.30E+C6 6.55E-06 604E-03 0.06% 13.09% 

Iron l.O8E+05 23OOQ 0.001 l ** 0.2 28 30 tE-06 70 10950 25550 2.72E-03 1.17E-03 3.OOE-Ol-- 9.07E-03 - 79.44% O.W% 

Nickel l.O5E+02 23000 0.001 l ** 0.2 28 30 IE-06 70 10950 25550 2.65E-06 l.l3E-06 Z.OOE-02 -- 1.32E-04 - 1.16% 0.00% 
Zinc 6.49E+03 23ooO O.W03* 0.2 28 30 lE-06 70 10950 25550 1.28E-04 5.5OE-05 3.COE-Ol-- 4.28E-04 - 3.75% 0.00% _ 

TOTAL i.l4E-02 4.61E-07 iCQ.OO% 100.00% 

l Chemical specific dermal permeability consrant-estimated value, USEPA 1992 
l * Chemical specific dermal permeability constsnt-measured, USEPA 1992 
l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 

l *** Not available chemical specific derrral permeability constant (PC). Used PC of water, USEPA 1988 



CONSTlTUENTS DETECTED IN GROUNDWATER SAMPLES 
SlTE 10 

NAVAL AMPHIBIOUS BASE - LilTLE CREEK 
VlRGlNlA BEACH, VIRGINIA 

Range of Detected Federal Tap Health Virginia Ground 
Frequency Concentrations MCL Water Advisory Water Stds. Potential 

Constituent of Detection o&l/l) (usl$ 14 O.alV Ibl (w/l) ICI (us/l) [d] Concern 
TOTAL DISSOLVE METALS 

INORGANICS 
Aluminum 11 5 147b 11000 NO 
Arsenic 31 5 3.0b - 16.2 0.018 0.038 50 50 YES 
Barium [e] 51 5 3.6 b - 132 b 260 2000 1000 NO 
Cadmium 11 5 4.4 b 18 5 0.4 NO 
Calcium 51 5 25700 - 74400 NO 
Cobalt [e] 11 5 22.3 b 220 NO 
Iron 51 5 28b - 9180 YES 
Magnesium 51 5 32203 - 7780 NO 
Manganese 51 5 13.3b - 854 18 NO 
Nickel 11 5 92.6 610 73 100 YES 
Potassium 51 5 2140b - 5540 NO 
Sodium 51 5 5100b - 18200 270000 NO 
Zinc 215 75 - 8170 1100 50 YES 

Notes: 
a. Federal MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum which is obtained from the Januay 7,1994 RBC Table using a target hazard 
quotient of 0.1. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Cffice of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
e. Constituent concentration is five times greater than the maximum detected in blank (b). 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARClNOGENlC 

AND CARCINOGENIC RISKFROM INGESTlON OF GROUN[IIWATER 
SITE 10 

FUTURE SCENMO 

GROUNDWATER - INGESTION 
RESIDENT (EXPOSED AS Tf3ESPASSEWRECFlEATlONAL) CHILLI 

cw CR EF ED CF BW ATnc ATc CMnc cm Flfo CSF HI CR % CONTRIB % CONTRIE 

CHEMCAL 

TOTAL DISSOLVE METALS 

ug/L t-/d dlv Y  mg/ug kg d d mglkgld m!$Wd mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

Arsenic 1.62E+ol 1 14 6 1E-03 15 2190 25550 4.14E-05 3.55E-06 3.OOE-04 1.75E+OO 1.38E-01 6.2!E-06 46.37% 100.00% 

Iron 9.18E+03 1 14 6 IE-03 15 2190 25550 2.35E-02 2.0lE-03 3.OOE-01 -- 7.82E-02 -- 28.27% 0.00% 

Nickel 9.26E+01 1 14 6 ,lE-03 15 2190 25550 2.37E-04 2.03E-05 2.COE-02 - - 1.18E-02 -- 3.98% 0.00% 

Zinc 8.17E+03 1 14 6 IE-03 15 2190 25550 2.09E-02 1.79E-03 3.OOE-01 -- 6.96E-02 -- 23.38% 0.00% 

TOTAL 2.93E-01 6.2iE-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTlAl NONCARCINOGENIC 

AND CARCINOGENIC WSKFROM INGESllON OF GROUNMATER 

SITE 10 

FUTURE SCENARO 

GROUNDWATER - INGESTION 
RESIDENT (EKPOSED AS lRESPASSER/RECREATlONAL) ADULT 

cw CR EF ED CF BW ATnc ATc CDinc CDIC R1D CSF HI CR % CONTRIB % CONTRIB 

CHEMCAL w/L Ud dEy Y mglug kg d d mglkgld mgikgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

TOTAL DISSOLVE METALS 
Arsenic 1.62E+Ol 2 26 30 iE-06 70 10950 25550 3.55E-08 1.52E-06 3.OOE-04 1.75E+OO i.lBE-04 2.66E-06 46.37% 100.00% 
Iron 9.16E+03 2 26 30 lE-06 70 10950 25550 2.01E-05 8.62E-06 3.OOE-01 -- 671E-05 -- 26.27% 0.00% 
Nickel 9.26E+oi 2 26 30 IE-06 70 10950 25550 2.03E-07 6.70E-06 2.OOE-02 -- i.OlE-05 -- 3.99% 0.00% 
Zinc &17E+O3 2 20 30 lE-06 70 10950 25550 1.79E-05 7.67E-06 3.OOE-01 -- 5.97E-05 -- 23.36% 0.00% 

TOTAL 2.55E-04 2&x-06 100.00% 100.00% 



SUMMARY OF CHRONIC DluLY INTAKE (CDI) AND POTENTIAL NONCARClNDGENtC 

AND CARClNDGENtC fUSK FROM DERMAL CONTACT WITH GRDUNDWATER 
SITE 10 

FUTURE SCENAMO 
GRDUNDWATER - DERMM 

REStDENT (EKPDSED AS TRESPASSER/RECREATtONAL) CHtLD 

cw SA PC ET EF ED CF BW ATnc ATc CDfnc cm AD CSF HI CR % CONTRIS % CONTRIS 
CHEMCAL uw cmA2 clWhr hr/d d/y y Lmg/cm^3ug kg d d mNWd mglkgld mg/kg/d (mgikgld)-1 NC RISK CARC RISK 
TOTAL DISSOLVE METALS 

Arsenic f.52E+Ot 7280 o.Lm ‘1. 0.2 14 6 tE-05 15 2190 25559 3.02E-07 2.55E-03 3.OCfE-04 1.75EtOQ i.OlE-03 4.52E-03 51.15% 100.00% 

Iron 9.13EtQ3 7200 0.001 l ** 0.2 14 6 IE-05 15 2190 25559 1.7lE-04 1.45E-05 3.09E-01 -- 5.70E-04 - 23.99% 0.00% 

Nickel 9.26Eto1 7280 o.cHJt l ** 0.2 14 6 IE-05 15 2190 25559 1.72E-95 t.45E-07 2.09E-02 -- &52E-05 - 4.39% 0.00% 

Zinc &17E+03 7239 0.0006* 0.2 14 6 IE-06 15 2190 25559 Q.l3E-05 7.82E-06 3.CQE-01 -- 3.04E-04 - 15.40% 0.00% 

TOTAL l.Q7E-03 4.52E-08 iW.W% lOO.cG% 

l Chemical specific dermal permeability constant-estimated value, USEPA 1992 

l * Chemical specific dermal permeability conshnt-measured, USEPA 1992 
l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 

l *** Chemical spedfic dermal permeability constant (PC) notavaifable. Usedwater PC, USEPA 1992 



SUMMARY OF CHROMC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGEHC RISK FROM DERMAL CONTACT WITH GROUNDWATER 

SITE 10 

FUTURE SCENAMO 

GROUNDWATER - DERMAL 

RESIDENT (EXPOSED AS TRESPASSER/RECREATIONAL) ADULT 

cw SA PC ET EF ED CF BW ATnc ATc CDtnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 
CHEMCAL UN cm-2 cm/hr hr/d d/y y L mg/cm^3 ug kg d d mglkgld mglkgld mg/kg/d (mg/kg/d)- 1 NC RISK CARC RISK 
TOTAL DISSOLVE METALS 

Arsenic t.S2E+Ol 23OC9 0.001 l ** 0.2 20 30 IE-06 70 10950 25550 4.0tlE-07 1.75E-07 3.9OE-04 1.75E+OO 1.3SE-03 3.OSE-07 51.15% iOO.CQ% 

Iron 9.18E+O3 23090 0.001 l ** 0.2 23 30 IE-06 70 10950 25550 2.31E-04 9.92E-05 3.OOE-Oi-- 7.71E-04 - 2399% 0.00% 

Nickel 9.26E+Ol 23000 0.001 l ** 0.2 28 30 lE-06 70 10959 25550 2.33E-OS t .OOE-06 2.OOE-02 -- i.t7E-04 - 4.39% 0.00% 
Zinc 8.17E+03 23000 0.0006* 0.2 23 30 IE-06 70 10950 25550 1.24E-04 5.30E-05 3.00E-01 -- 4.12E-04 - 15.48% 0.00% 

TOTAL 2.SSE-03 3.06E-07 100.00% 100.00% 

l Chemical specific derrral permeability constant-estimated value, USEPA 1992 

** Chemical specific dermal permeability consrant-measured, USEPA 1992 
*** Chemical specific dermal permeability constant-default value, USEPA, 1992 

l *** Not available chemical specific demel permeability constant (PC). Used PC of water, USEPA 1988 



IEUBK MODEL OPTIONS 
STTE - 10 -_^- -- 

Parameter Default Option I User Defined Option 
:.. “:: ,:.,..,.. :., . : .,.,., :.,.:. .: .). .,, :.:: .,. ...: :: :.... ,:.;:,:,.. : . . . . . . ‘,I, ,,‘,::,:. :,j,,:‘,::~&.:..: ..::,: :,:,.,,, ,:,’ :. ‘.‘, ‘.. .,,. ., 

,. :.,:.,:y:::,, ,~ :.:. : ,:: :,:,. .: .,‘:.j j,:., ‘, ,,,, 
,, ,::,I’ jy :::: ;,:: ,, ,“’ ‘,‘. :.’ .‘,‘, :: ,’ :::.. ,.),. .,:,:I y:::j . . . . . . . 7,‘;~: : .+.., ::.:y ;‘:‘,‘:‘.“. .: .:” ::..:,: . . ” ,‘, ‘.: ,,, ; ., ::,,, 

i,,‘:hir ,‘::I I ,:ii::i:,:.~i.i~.:.:‘::..:‘...1 : ,; ,I, ;;,..:;::;;j:I ;.: :,,, ;;::i :;:;,., :‘;:L:,::’ y.: ;;: :,:.. ., ,, ...:, ,,,,,,,,,,(. ,,:,, :;: ;: 
.‘. ;, :;;:;, ;. 

,, ., ; ,., ,; .’ ,. .,, ,.,:: ., :,:. :, . . .: .,., :, :,:.. . . . . ,. ‘. :.. ,,.. . . . . :. 

Outdoor air lead concentration (pg/m3) 0.10 0.00 

Ratio of indoor to outdoor air lead 30 00 
concentration (%) 

Time outdoors (hours/day) 
Age = 

O-1 year (O-11 mo) 1 1 
l-2 years (12-23 mo) 2 2 
2-3 years (24-35 mo) 3 3 
3-7 years (36-83 mo) 4 4 

Ventilation rate (m2/day) 
Age = 

O-l year (O-11 mo) 2 2 
l-2 years (12-23 mo) 3 3 
2-3 years (24-35 mo) 5 5 
3-4 years (36-47 mo) 5 5 
4-5 years (48-59 mo) 5 5 
5-6 years (60-71 mo) 7 7 
6-7 years (72-84 mo) 7 7 

Lung absorption (9%) 32 00 

Dietary lead intake (pglm3) 
Age = 

O-l year (O-11 mo) 5.53 0.00 
l-2 years (12-23 mo) 5.78 0.00 
2-3 years (24-35 mo) 6.49 0.00 
3-4 years (36-47 mo) 6.24 0.00 
4-5 years (48-59 mo) 6.01 0.00 
5-6 years (60-71 mo) 6.34 0.00 
6-7 years (72-84 mo) 7.00 0.00 

. . . .:. ..,, :ij.:.:..;~,i ,::,,,,, ‘,‘.:; :..:. ., ,“, :: :.l;,:.;.:; r, :.” : ,‘, .::., ,:, ,,,,. :,,,. ‘.,’ ‘., ‘.‘. .’ . :’ ‘. ..:. ,. ,: : ., : ,:. ;,... 
:,. .:.: .; .::,: ,/.,I:, ,‘yy .:;.: ;.:; : ;,: .: . ‘.. .‘.‘:...:. :, ‘: ,;;.j: :‘.: . ..q.. :.,. ‘: ;, : : ..P ‘C,,: : ;. ij:,,. ,. .,.,..,. .,.. ::’ :;::j ,:::,~‘:::‘,I..‘:.:~t~ate-iDiet,:.so~6 i:j:,:: ..,:,. i_.~~‘:.i:.i,‘::.,~::::~_j,::.:,::,,”I_’:I.’,: ;‘.:;:.:.::j’i r,:... j: I:,,:::,‘:j::i.:,::I:, ,; ,’ 

Concentration (pg Pb/g) 
home-grown fruits 0 0.000 
home-grown vegetables 0 0.000 
fish from fishing 0 0.000 
game from hunting 0 0.000 

Percent of food class (so) 
home-grown fruits 0 0 
home-grown vegetables 0 0 
fish from fishing 0 0 
game from hunting 0 0 



IEUIX MODEL OPTIONS 
SITE - 10 (Continued) 

Parameter Default Option I User Defined Option 
: . . .‘. .,. ; ‘. ; ,. : ,. :: ,,, ,,, ..‘:.. ‘, ‘,, . ., :,.:. ; ‘.k,, : .’ .‘,, ,... ,..: ., .’ ,,,,,, .., .:’ ,,‘,. ..:; ., ,,,. ;’ :,,; ,.,:):,,I : ;: ,,..,,; I’.,. ,,;..;. ,‘: ,: .,., I,. :,,:.. : ~~~~qr& . .,‘.,,j. ;:;,;:;:: ‘1.. 1.’ :’ .i.;:;: ,,;:. ,.,,; I,’ y,,; :‘; ,:,;; :;,;:;: 

Lead concentration in drinking water (pg/L) 4 7.7 

Ingestion rate (liters/day) 
Age = 

O-l year (O-11 mo) 0.20 2 
l-2 years (12-23 mo) 0.50 2 
2-3 years (24-35 mo) 0.52 2 
3-4 years (36-47 mo) 0.53 2 
4-5 years (48-59 mo) 0.55 2 
5-6 years (60-71 mo) 0.58 2 
6-7 years (72-84 mo) 0.59 2 

.: ,’ .’ : .’ ,.’ ‘.. .‘. .‘, ., . ,. :, .‘. ,wi]/Dur;t ‘. ,:, :‘: ,,,,:‘, ,: ,‘I, ,, ‘, .’ 

Concentration 
Soil 200 9.8 
Dust 200 9.8 

Soil ingestion as percent of total soil and 45 45 
dust ingestion 

Soil/Dust lead concentration @g/g) 
Age = 

0- 1 year (O-l 1 mo) 0.085 . 0.085 
l-2 years (12-23 mo) 0.135 0.135 
2-3 years (24-35 mo) 0.135 0.135 
3-4 years (36-47 mo) 0.135 0.135 
4-5 years (48-59 mo) 0.100 0.100 
5-6 years (60-71 mo) 0.090 0.090 
6-7 years (72-84 mo) 0.085 0.085 

Dust lead concentration (pg/g) 
Age = 0.0 0.0 

l-2 years (12-23 mo) 0.0 0.0 
2-3 years (24-35 mo) 0.0 0.0 
3-4 years (36-47 mo) 0.0 0.0 
4-5 years (48-59 mo) 0.0 0.0 
5-6 years (60-71 mo) 0.0 0.0 
6-7 years (72-84 mo) 0.0 0.0 



IEUEK MODEL OPTIONS 
SITE - 10 (Continued) 

Total lead Al~sorption (at low intake) 
diet 
driz&ng water 
Sd 

dpst 
akmate source 

50 
50 
30 
30 
0 

50 
50 
30 
30 
0 

Fraction of lead absorbed at high intake 
die 0.2 
dx%&ng water 0.2 
Sd 0.2 
dust 0.2 
alternate source 0.2 
,’ ‘, ‘. ,, ,. : 

..; .: ,.. 
:‘. ., : ~a&&~~&~~y~~~ Lead, .Ex@& : .., 

Mother’s blood lead level at time of 
birth 2.5 

0.2 
0.2 
0.2 
0.2 
0.2 

., ‘. 
’ ,, 

2.5 

~ 
Geometric standard deviation for blood 
lead (GSD) 1.6 1.6 II 
Blood lead level of concern 10 10 

/I 



t 

. 



h 



SITE - 11 



CONSTITUENTS DETECTED IN SURFACE SOIL SAMPLES 
SITE 11 

NAVAL AMPHIBIOUS BASES - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Constituent 

VOLATILES 
Acetone 
Toluene 

Range of Detected Residential Soil 
Frequency Concentrations Concentration Potential 

of Detection @g/kg) OMW [al Concern 

8/ 10 8j - 36 7.80E+05 NO 
l/ 10 3j 1.60E+06 NO 

Notes: 
a. Residential Soil Concentration values obtained from July 11, 1994 USEPA Region III Risk-Based 

Concentration Table using a target hazard quotient of 0.1 and a target cancer risk of le-06. 



Constituent of Detection OWW 

NORGANICS 
Aluminum 
Antimony [b] 
Arsenic 
Barium 
Beryllium [b] 
Cadmium 
Calcium 
Chromium 
Cobalt [b] 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Thallium [b] 
Vanadium 
Zinc 

51 
11 
51 
51 
51 
31 
51 
51 
51 
51 
51 
51 
51 
51 
21 
51 
51 
21 
Al 
11 
51 
51 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

6360 

2.3 
31.7 b 
0.21 b 

2.2 
527 

13 
1.5 b 
5.7 

3270 
15.7 
460 

21.2 
0.81 j 
4.7 b 
255 
1.3 

13.2 
18.9 

12400 
11 b 

9 
74.4 

- 0.53 
3.4 

1710 
125 
7.4 

- 227 
- 74900 
- 526 

1110 
522 

- 2.5 
- 23.2 

596 
2.1 

22.7 
1.5 b 

- 26.4 
670 

l- 

CONSTITUENTS DETECTED IN SURFACE SOIL SAMPLES 
SITE 11 

NAVAL AMPHIBIOUS BASES - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Frequency 
Range of Detected 

Concentrations 
Residential Soil 

i 

b 

b 

i 

-I- 

Concentration 

hu/kg) hl 

2.30E+04 
3.1OE+OO 
3.70E-01 
550E+02 
1.50E-01 
3.90E+Oi 

3.9OE+Ol 
4.7OE+O2 
2.9OE+O2 

3.90E+Ol 
2.30E+OO 
1.60E+02 

3.90E+Ol 
3.90E+Oi 

5.50E+Ol 
2.30E+03 

Potential 
Concern 

NO 
YES 
YES 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
YES 
YES* 
NO 
YES 
YES 
NO 
NO 
NO 
NO 
YES 
NO 
NO 

Notes: 
a. Residential Soil Concentration values obtained from July 11, 1994 USEPA Region III Risk-Based 

Concentration Table except for aluminum where it is obtained from the January 11, 1994 RBC Table 
using a target hazard quotient of 0.1 and a target cancer risk of le-06. 

* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 
b. Constituent concentration is five times greater than the maximum detected in blank (b). 



SlJMMAlM OF CIIDONIC IINI Y  INTAKE (WI) AND I’OlENTlAl. NONCAIICINOGENIC 

AND CAHUNOGENIC RISK FROM INGESTION OF SUWACE SOlL 

SITE 11 

CURRENT SCENARIO 

SOIL - INGESTlON 

TRESPASSER CHILD 

CHEMCAL 

cs 
wdb.4 

IR Ft EF ED CF BW ATnc ATc CLxlc ccnc RID CSF HI CR % CONTRIB % CONTRIB 
mgld % Y kglmg kg d d mglkgld mglkgid mgikgld (mglkgld) - 1 NC RISK CARC RISK 

Antimony 

Arsenic 

Beryllium 
Chromium 
Iron 

Manganese 
MWCUry 

Thallium 

i.lOE+Ol 

9.ooE+oo 

530E-01 
1.25E+02 
7.49E+04 

522E+02 
2.50E+OO 

t.!?OE+OO 

200 

200 

200 
200 

200 

200 
200 

200 

1 14 6 iE-06 

1 14 6 iE-06 
1 14 6 1E-06 

1 14 6 IE-06 

1 14 6 iE-06 

1 14 6 iE-06 
1 14 6 1E-06 

1 14 6 iE-06 

15 

15 
15 

15 
15 

15 
15 

15 __- 

2190 

2190 
2190 

2190 
2190 

2193 
2190 

2190 .__ 

25550 5.63E-06 4.82E-07 

25550 4.60E-06 3.95E-07 

25550 2.71E-07 2.32E-08 

25550 6.39E-05 5.48E-06 
25550 3.83E-02 3.28E-03 

25550 2.67E-04 2.29E-05 
25550 t.26E-06 l.iOE-07 

25550 . 7.67E-07 6.58E-08 -- 

4.OOE-04 -- 1.4iE-02 -- 6.18% 

3.OOE-04 1.75E+OO 1.5x-02 GUE-07 6.74% 

5.COE-03 4.30E+CO 5.42E-05 9.95x-08 0.02% 
5.00E-03 -- 1.28E-02 -- 5.62% 

3.00E-01 -- 1.28E-01 -- 56.10% 

5.00E-03 -- 5.34E-02 -- 23.46% 
3.00E-04 - - 4.26E-03 -- l .87% 

-- -- -- 0.00% ___-- __--.----... ._. _-.- ._.. ._ 

0.00% 

87.36% 

12.64% 
0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

TOTAL 228E-01 7.93E-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND PDlENTiAL NONCARCINOGENIC 

AND CARCINOGENIC FUSKFROM INGESTION OF SUAACE SCXL 

SITE 11 

CURRENT SCENARIO 

SDIL - INGESTION 

TRESPASSER ADULT 

CHEMICAL 

cs 

!yn(g 

CDlnc 

mgikgld 

cat 

mglkgld 

RfD CSF HI CR % CONTRIB % CONTRIB 

(mglkgld) - 1 NC RISK CARC RISK mg/kg/d _----.-..-. -.------.. --..--..-- 

Antimony 1.lOE+Ol 

Arsenic 9.00E+OO 

Beryllium 530E-01 

Chromium 1.25E+02 

Iron 7.49E+04 

Manganese 5.22E+02 

MerCUry 2.50E+00 

Thallium lSOE+OO 

100 1 26 30 

loo 1 28 30 

loo 1 26 30 

100 1 26 30 

100 1 26 30 

100 1 26 30 

100 1 28 30 

100 1 20 30 

lE-06 

IE-06 

IE-06 

IE-06 

lE-06 

lE-06 

IE-06 

iE-06 

70 

70 

70 

70 

70 

70 

70 

70 

10950 25550 1.21E-06 5.17E-07 

10950 25550 9,66E-07 4.23E-07 

10950 25550 5.61E-06 2.49E-06 

10950 25550 1.37E-05 5.67E-06 

10950 25550 &2lE-03 3.52E-03 

10950 25550 5.72E-05 2.45E-05 

10950 25550 2.74E-07 l.l7E-07 

10950 25550 i.64E-07 7.05E-06 -- 

4.00E-04 - - 3.0lE-03 

3.OOE-04 1.75E+GG 3.29E-03 

5.COE-03 4.30E+OO 1.16E-05 

5.00E-03 -- 2.74E-03 

3.OOE-01 -- 2.74E-02 

5.OOE-03 - - l.l4E-02 

3.00E-04 - - Q.l3E-04 
-- -- 

-- 6.16% 0.00% 

7.4OE-07 6.74% 67.36% 

l.O7E-07 0.02% 12.64% 

-- 5.62% 0.00% 

-- 56.10% 0.00% 

-- 23.46% 0.00% 

-- l .67% 0.00% 

-- 0.00% 0.00% 

TOTAL 4.66E-02 6.47E-07 100.00% iOO.OO% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND F’OTENTIAL NONCARCINOGENIC 

AND CARClNOGENlC RISKFROM INGESTION OF SUAACE SOIL 
SITE 11 

CURRENT SCENARIO 

SOIL - INGESTION 
WORKER ADULT 

CHEMCAL 

cs 
ma/kg 

IR FI EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

mgld dh’ Y kg/mg kg d d mgikgld mglkgld mgikgld (mg/kg/d)- 1 NC RISK CARC RISK 

Antimony 
Arsenic 

Beryllium 

Chromium 

Iron 
M~llglllL!SO 

Mercury 

Thallium 

l.lnE-tO1 

9.00E+OO 
5.30E-01 

1.25E+02 

7.w I ml 
5.2x + 02 

2,50E+OO 

1,50E+OO ~__ 

50 1 250 25 
50 1 250 25 

50 1 250 25 

50 1 250 25 

50 I 350 75 

50 1 250 25 

50 1 250 25 

50 1 250 25 

lE-06 70 9125 25550 
lE-06 70 9125 25550 

IE-06 70 9125 25550 
(E-06 70 9125 25550 

lE- 06 70 9125 25550 

lE-06 10 9125 25550 
iE-06 70 9125 25550 

lE-06 70 9125 25550 

5.38E -06 

4.40E-08 

2.59E-07 
6.12E-05 

3.66EiE--02 

2.55E-04 
i.ZZE-06 

7.34E-07 

l.s7E-06 
1.57E-06 

9.26E-08 
2.18E-05 

1.3lF- 02 

9.12E-05 
4.37E-07 

2.62E-07 -- 

4.00E-04 - - 1.35E-02 -.- 
3.00E-04 1.75E+oO 1.47E-02 2.75E-06 

5.00E-03 4.30E+CO 519E-05 3.96E-07 
5.00E-03 -- i .22E-02 - - 
3.nnF- 01 - 1 771‘ 01 

5.00E-03 - - 5.11&w? -- 

3.00E-04 -- 4.06E-03 -- 
-- 

6.1 II% 0 00% 
6.74% 67.36% 

0.02% 12.64% 
5.62% 0.00% 

!I(1 lo’% l~.lllM# 

23.46% 0.00% 

1.07% 0.00% 
0.00% 0.00% 

TOTAL 2.16E-01 3.15E-06 I 00.00% 100.00% 



SlJMMAllY 01. Cl IIKINIC DN1.Y INIAKlm (CIII) AND I’OII.NIIAI NONCAIlClNOGI.NIC 
AND CARCINOGENIC f7lSK FROM DERMAL CONTACT WITH SURFACE SOIL 

SITE 11 

CURRENT SCENARIO 

SOIL - DERMAL 

TRESPASSER CHILD 

CHEMlCAL 

cs SA AF ASS EF ED CF SW ATnc ATc CChC CDIC ml CSF HI CR % CONTRll3 % CONTRIB 

w/M cm-2 mg/cm^2 W Y  kglmg kg d d mgnCgld mglkgld w/kg/d WWW)-1 NC RISK CARC RISK 

Antimony 

Arsenic 

Beryllium 

Chromium 

Iron 

Manganese 

Mercury 

Thallium 

l.lOE+Ol 

9.00E+OO 

530E-01 

1.25E+02 

7.4QE+o4 

5.22E+02 

2.50E+OO 

lSOE-COO 

1620 

1820 

1620 

1820 

1620 

1620 

1620 

1820 

1 0.001 14 6 IE-06 15 2190 

1 0.001 14 6 IE-06 15 2190 

1 0.001 14 6 lE-06 15 2190 

1 0.001 14 6 lE-06 15 2190 

1 0.001 14 6 IE-06 15 2190 

1 0.001 14 6 IE-06 15 2190 

1 0.001 14 6 IE-06 15 2190 

1 0.001 14 6 IE-06 15 2190 

25550 5.12E-06 

25550 4.19E-08 

25550 2.47E-09 

25550 5.82E-07 

25550 3.49E-04 

25550 2.43E-06 

25550 l.l6E-08 

25550 6.98E-09 

4.39E-09 

3.59E-09 

2.ilE-10 

4.Q9E-03 

2.99E-05 

2.08E-07 

Q.Q7E-10 

5.98E-10 -- -_-.~.- -~ 

4.00E-04 -- 1.26E-04 - 6.16% 

3.00E-04 1.75E+OO 1.4OE-04 6.28E-09 6.74% 

5.00E-03 4.30E+00 4.93E-07 Q.O9E-10 0.02% 

5.OoE-03 -- l.l6E-04 - 5.62% 

3.00E-01 -- l.l6E-03 - 56.10% 

5.00E-03 -- 4.66E-04 - 23.46% 
3.00E-04-- 3.86E-05 - 1.07% 

-- - 0.00% 

0.00% 
07.36% 

12.64% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

TOTAL 2.07E-03 7.1 SE-09 iOO.OO% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTlALNONCARClNOGENlC 

AND CARCINOGENIC RISKFROM DERMAL CONTACT WITH SUEACE SOIL 

SITE 11 

CURRENT SCENARIO 

SolL - DERMAL 

TRESPASSER ADULT 

CHEMCAL 

cs 

w/kg 

SA AF ASS EF ED CF BW ATnc ATc CDlnc ax !4fD CSF HI CR 96 CONTRIB % CONTRIB 

cm-2 mg/cm^2 d/y Y  kglmg kg d d mglkgid mglkgld mg/kg/d (mglkgkJ)- 1 NC RISK CARC RISK 

Antimony l.lOE+Ol 

Arsenic 9.00E+OO 

Eeryllium 5.30E-01 

Chromium 1.25E+02 

Iron 7.49E+04 

Manganese 5.22E+02 

Mercury 2.50E+OO 

Thallium 1.50E+OO 

5000 1 0.001 

5600 1 0.001 
5600 1 0.001 
5800 1 0.001 

5600 1 0.001 

5800 1 0.001 

5000 1 0.001 

5600 1 0.001 

26 30 

26 30 

20 30 

28 30 

28 30 

26 30 

26 30 

20 30 

IE-06 70 10950 25550 6.99E-06 3.00E-06 

lE-06 70 10950 25550 5.72E-08 2.45E-06 

IE-06 70 10950 25550 3.37E-09 1.44E-09 

IE-06 70 10950 25550 795E-07 3.41E-07 

iE-06 70 10950 25550 4.76E-04 2.04E-04 

lE-06 70 10950 25550 3.32E-06 1.42E-06 

IE-06 70 10950 25550 1.59E-06 6.6lE-09 

IE-06 70 10950 25550 9.53E-09 4.09E-09 

4.OOE-04 -- 1.75E-04 - 6.16% 

3.00E-04 1.75E+OO 1.9lE-04 4.29E-06 6.74% 

5.OOE-03 4.30E+OO 6.74E-07 6.21E-09 0.02% 

5.00E-03 -- 1.59E-04 - 5.62% 

3.00E-01 -- 1.59&03 - 56.10% 

5.00E-03 -- 6.64E-04 - 23.46% 

3.00E-04 -- 5.30E-05 - 1.67% 
-- -- -- 0.00% 

0.00% 

07.36% 

12.64% 

0.00% 

0.00% 

0.00% 

0.00% 

O.oQ% 

TOTAL 2.83E-03 4.91E-08 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RlSKFROM DERMAL CONTACT WITH SUFFACE SOIL 

SITE 11 

CURRENT SCENARIO 

SolL - DERMAL 

WORKER ADULT 

CHEb’dCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI 
CR --*.coNTRIB.%coNTRIB’. 

wlkg cm*2 mg/cm^2 d/v Y  kglmg kg d d mglkgld mg/kg/d w/kg/d @w/kg/d)- 1 NC RISK CARC RISK 

Antimony 

Arsenic 

Beryllium 

Chromium 

Iron 

Marl~lllUSO 

Mercury 

Thallium 

l.lOE+Ol 

9.OOE+OO 

WOE-01 

1.25E+02 

7.49E+04 

5.22E to2 
2.50E+OO 

1.50E+OO 

5600 

!xloo 

5600 

5800 

58OQ 

5600 

5800 

5800 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 IE-06 70 

1 0.001 250 25 IE-06 70 

9125 25550 624E-07 

0125 25550 5.11E-07 

0125 25550 ZOIE-06 

9125 25550 7.09E -06 

9125 25550 4.25E-03 

9125 25550 Z.ffiE-05 

9125 25550 1.42E-07 

9125 25550 &5iE-08 

2.23E-07 4.00E-04 -- 1.56E-03 - 6.16% 0.00% 
1.82E-07 3.OOE--04 1.76EiW 1.70E-03 3.1OE- 01 6 ?4% 117.36% 

l.O7E-08 5.OOE-03 4.30E+OO 6.02E-06 4.62E-08 0.02% 12.64% 
2.53E-06 5.00E-03 -- 1.42E-03 - 5.62% 0.00% 

1.52E-03 3.00E-01 -- 1.42E-02 - 56.10% 0.00% 
l.O6E--05 5.OOE - 03 - - 5.0x -03 -. 23.Wk 0.00% 
5.07E-06 3.OOE-04 -- 4.73E-04 - 1.87% 0.00% 
3.04E-08 -- -- -- - 0.00% 0.00% 

TOTAL 2.53E-02 3.65E-07 100.00% 1 00.00% 



SlJMMARY OF CIIIUINIC DPJLY INI’AKE (CM) ANU IWTCNIIAI. NONCAIICINCXjliNIC 

AND CARCINOGENIC RISKFROM INGESTION OF SUAACE SolL 

SITE 11 

FUTURE SCENARIO 

SOIL - INGESTION 

RESIDENT CHILD 

CHEMICAL 

cs IR FI EF ED CF BW ATnc 

wlkg mgld W Y kglmg kg d 

ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

d mg/kgld mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK ~__ 

Antimony 

Arsenic 

Beryllium 

Chromium 

Iron 

Manganese 

Mercury 

Thallium 

l.lOE+Ol 

9.00E+OO 

530E-01 

1.25E+02 

7.49E+04 

522E+02 

2.50E+OO 

1.50E+OO 

200 1 350 6 lE-06 

200 1 350 6 1E-06 

200 1 350 6 lE-06 

200 1 350 6 IE-06 

200 1 350 6 iE-06 

200 1 350 6 lE-06 

200 1 350 6 IE-06 

200 1 350 6 lE-06 

15 

15 

15 

15 

15 

15 

15 

15 

2190 

2190 

2190 

2190 

2190 

2190 

2190 

2190 

25550 1.4iE-04 l.zlE-05 

25550 l.l5E-04 9.66E-06 

25550 6.76E-06 5.8lE-07 

25550 1.60E-03 1.37E-04 

25550 9.56E-01 &21E-02 

25550 6.67E-03 5.72E-04 

25550 3.20E-05 2.74E-06 

25550 1.92E-05 1.64E-06 -- 

4.00E-04 - - 3.52E-01 - - 6.16% 0.00% 

3.00E-04 1.75E+OO 3.64E-01 1,73E-05 6.74% 67.36% 

5.00E-03 4.30E+OO 1.36E-03 2.50E-06 \0.02% 12.64% 

5JJOE-03 -- 3.2OE-01 -- 5.62% 0.00% 

3.00E-01 -- 3.19E+OO -- 56.10% 0.00% 

5.OOE-03 - - 1.33E+00 -- 23.46% 0.00% 

3.00E-04 -- l.O7E-01 -- 1.07% 0.00% 
-- -- -- 0.00% 0.00% 

TOTAL 569E+OO 1.96E-05 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCAFICINDGENIC 

AND CARCINCGENIC FUSKFROM INGESTlON DF SUFFACE SDIL 

SITE II 

FUTURE SCENAFUO 

SOIL - INGESTION 

RESIDENT ADULT 

CHEMICAL 

cs IR FI EF ED CF BW ATnc 

wlkg mgld dh’ Y  kg/mg kg d 

ATc CDhC CDIC FifD CSF HI CR % CONTRIB % CONTRIB 

d mglkgld mglkgld w/kg/d bwkg/d)- 1 NC FIISK CARC RISK 

Antimony l.lOEfOl 

Arsenic 9.00E+OO 

Beryllium 530E-01 

Chromium 1.25E+02 

Iron 7.49E+04 

Manganese 522E+02 

Mercury 2.50E+OO 

ThaIlit urn 1.50E+OO 

100 

100 

tM) 

100 

too 

100 

100 

too 

30 lE-00 

30 iE-06 

30 lE-06 

30 IE-06 

30 iE-06 

30 lE-06 

30 lE-06 

30 iE-06 

70 

70 

70 

70 

70 

70 

70 

70 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

25550 1.51E-05 0.46E-06 

25550 1.23E-05 5.26E-06 

25550 7.26E-07 3.11E-07 

25550 i.71E-04 7.34E-05 

25550 l.O3E-01 4.4OE-02 

25550 7.15E-04 3.06E-04 

25550 3.42E-06 1.47E-06 

25550 ’ 2.05E-06 6.81E-07 -- 

4.00E-04 -- 3.77E-02 - - 6.16% 0.00% 

3.00E-04 1.75E+OO 4.11E-02 9.25E-06 6.74% 07.36% 

5.00E-03 4.30E+OO 1.45E-04 1.34E-06 0.02% 12.64% 

5.00E-03 -- 3.42E-02 -- 5.62% 0.00% 

3.00E-01 - - 3.42E-01 -- 56.10% 0.00% 

5WE-03 - - 1.43E-01 -- 23.46% 0.00% 

3.00E-04 -- i.l4E-02 -- 1.67% 0.00% 
-- -- 0.00% 0.00% 

TOTAL 6.10E-01 l.O6E-05 1 00.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POlENTtALNONCARClNOGENlC 

AND CARCINOGENIC RISKFROM DERMAL CONTACT WITH SUEACE SOIL 

SITE 11 

FUTURE SCENAWO 

SOtL - DERMAL 
RESIDENT CHILD 

CHEMlCAL 
cs SA AF ABS EF ED CF BW ATnc ATc CDinc clnc RD CSF HI CR % CONTRIB % CONTRIB 

mslks cm^2 mglcm”2 WY kg/mg kg d d f-w Wd mg/kg/d mglkgld (mglkgld) - 1 NC RISK CARC RISK 

Antimony 

Arsenic 

Beryllium 
Chromium 

Iron 

Manganese 
Mercury 

l.lOE+Ol 

Q.OOE+OO 

5.30E-01 
1.25E+02 

7.49Et04 
5.22E+02 

2.50E+CG 

Thallium 1.50E+OO 

1820 

1620 

1820 
1820 

1620 
1620 

1820 

1820 

t 0.001 350 6 lE-06 15 2190 25550 1.26E-06 

1 0.001 350 8 iE-06 15 2190 25550 t.O5E-06 

1 0.001 350 6 lE-06 15 2190 25550 6.17E-06 
1 0.001 350 6 tE-06 15 2190 25550 1.45E-05 

1 0.001 350 6 lE-06 15 2190 25550 6.71E-03 
1 0.001 350 6 lE-06 15 2190 25550 6.07E-05 

1 0.001 350 6 lE-06 15 2190 25550 2.91E-07 

1 0.001 350 6 iE-06 15 2190 25550 1.75E-07 

l.tOE-07 4.00E-04 -- 

&Q6E-08 3.00E-04 1.75EtOO 
5.29E-09 5.00E-03 4.30E+OO 
1.25E-06 5.00E-03 -- 

7.47E-04 3.00E-01 -- 

5.21E-06 5.00E-03 -- 

2.49E-08 3.OOE-04 -- 
1.50E-06 -- -- 

3.20E-03 - 6.16% 0.00% 

3.49E-03 1.57E-07 6.74% 67.36% 
1.23E-05 2.27E-08 0.02% 12.64% 
2.QlE-03 .-- 5.62% 0.00% 
2.9oE-02 - 56.10% 0.00% 

1.2lE-02 - 23.46% 0.00% 
9.70E-04 - 1.07% 0.00% 

-- 0.00% 0.00% 

TOTAL 5.16E-02 l.aOE-07 100.00% 100.00% 



SUMMARY a CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINDGENIC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SUFFACE SOIL 

SITE 11 

FUTURE SCENAWO 

SOIL - DERMAL 
RESIDENT ADULT 

CHEMICAL 

Antimony l.lOE+Ol 

Arsenic Q.OOE+OO 

Beryllium 5.30E-01 
Chromium 1.25E+02 

Iron 7.49E+04 

Manganese 5.22E+O2 
Mercury 2.50EfOO 

Thallium l.!iOE+OO 

cs 

mglkg 

SA AF ABS EF ED CF BW ATnc ATc CDlnc ale RID CSF HI CR % CONTRIB % CONTAIE 
cm*2 mglcm^2 d/y Y kglmg kg d d mgikgld mglkgld mglkgld (mg/kg/d)- I NC RISK CARC RISK 

5800 

5800 

5800 
5800 

5800 

5800 
5800 
58M) -___ 

1 0.001 350 30 

I 0.001 350 30 

1 0.001 350 30 
1 0.001 350 30 

1 0.001 350 30 
1 0.001 350 30 

1 0.001 350 30 
1 0.001 350 30 

iE-06 70 10950 25550 

iE-06 70 10950 25550 
lE-06 70 10950 25550 
IE-06 70 10950 25550 

lE-06 70 10950 25550 
lE-06 70 10950 25550 
iE-06 70 10950 25550 
lE-06 70 10950 25550 .---___ - 

8.74E-07 3.75E-07 

7.15E-07 3.06E-07 

4.21E-08 1.80E-08 
9.93E-06 4.26E-06 

5.95E-03 2.55E-03 

4.15E-05 1.78E-05 
i.QQE-07 8.51E-08 
l.lQE-07 5.11E-08 --__- _-- 

4.OOE-04 - - 

3.OOE-04 1.75E+OO 

5.00E-03 4.30E+00 
5.OOE-03 -- 

3.00E-01 -- 

5.00E-03 - - 
3.OOE-04 -- 

-- -- ---~____--_-- 

2.18E-03 - 6.18% 

2.38E-03 5.36E-07 6.74% 
8.42E-06 7.76E-08 0.02% 
l.Q9E-03 - 5.62% 
1.98E-02 - 56.10% 
8.29E-03 - 23.46% 
6.62E-04 - 1.87% 

-- 0.00% 

0.00% 

87.36% 

12.64% 
0.00% 

0.00% 

0.00% 
0.00% 
0.00% __-- 

TOlAL 3.54E-02 6.14E-07 100.00% 100.00% 



CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES 
SD-El1 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Constituent 
vOlATILES 
1,l -Dichloroethene 
1 ,l -Dichloroethane 
1 ,l ,l -Trichloroethane 

Trichloroethene 

INORGANICS 
Aluminum 
Barium [e) 
Calcium 
Chromium 
Cobalt [e] 

Copper [el 
Iron 
Lead 
Magnesium 
Manganese 
Potassium 
Sodium 

Frequency 
of Detection 

1 I 
1 I 
1 I 
1 I 

31 
31 
31 
1 I 
21 
21 
31 
21 
31 
31 
31 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

31 3 

Range of Detected 
Concentrations 

@g/l) 

15 
11 

120 
120 

3351 
25.3 b 
5770 

3.4 b 
4.3 b 
615j 
3.9 j 

3290j 
81 .a 

1460j 
9440 

5090 j 
46.1 b 

- 15700 

5j 
4.7 b 
7.2 b 

36703 
- 6.4 j 

4540j 
404 

2640) 
- 16700 

=ederal Tap Health 
MCL Water Advisory 

JslO [al (w/V WI (w/l) [cl 

0.057 0.044 7 
81 

130 200 
2.7' 1.6 5 

11000 
260 2000 

18 100 
220 
140 1300 

18 

Virginia Ground 
Water Stds. 

(ug/l) [d] 

Notes: 
a. Federal MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentratfon values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concenkation Table except for aluminum which is obtained from the Januay 7.1994 RBC Table using a target hazard 
quotient of 0.1. 

c. Health Advisory Concentration values obtained from December 1993 USEPA office of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
* Health risk analysis to be performed will use the Integrated Exposure Uptake Bickinetic (IEUBK) Model. 

e. Constituent concentration is five times greater than the maximum detected in blank (b). 

Potential 
Concern 

YES 
NO 
NO 
YES 

NO 
NO 
NO 
YES 
NO 
NO 
YES 
YES l 

NO 

NO 

NO 

NO 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POlENTlAL NONCARCINOGENIC 

AND CAIICYNOGENlC RtSKFROM INGESTtON OF GROUNIXVATER 

SITE 11 

FUTURE SCENAIIO 

GROUNDWATER - INGESTlON 
RESIDENT (EXPOSED AS TRESPASSER/RECREATlONAL) CHILD 

CHEMCAL 
cw 

4/L 

CR EF ED CF BW ATnc ATc CCinc CDtC RfD CSF HI CR % CONTRIB % CONTRIB 

Ud W Y mglug kg d d mglkgld mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK ----__- 

1.1 -Dichloroethene l.SOE+Oi 1 14 6 iE-03 15 2190 25550 3.64E-05 3.29E-06 Q.OOE-03 6.00E-01 4.26E-03 l.Q7E-06 4.69% 67.21% 

Trichtoroethene t.20E+02 1 14 6 III-03 15 2190 25550 3.07E-04 2.63E-05 6.OOE-03 l.lOE-02 5.1iE-02 2.69E-07 56.23% 12.79% 
Chromium 5.00E tw 1 14 0 lE-03 15 Zlrxl 25550 1.20&05 l.lOE-00 5.00E --03 2.50~.-03 -.... %.Ill% 0.00% 

Iron 3.07E+03 1 14 6 iE-03 15 2190 25550 Q.QOE-03 6.48E-04 3.OOE-01 -- 3.30E-02 -- 36.27% 0.00% 

TOTAL Q.OQE-02 2.26E-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTlALNONCARClNOGENlC 

AND CARCINOGENIC RtSKFROM INGESTION OF GROUNOWATER 

SITE 11 

FUTURE SCENAHO 

GROUNDWATER - INGESTtON 
RESIDENT (EXPOSED AS TRESPASSER/RECREATlONAL) ADULT 

CHEMCAL 
cw CR EF ED CF BW ATnc ATc CDtnc CDtc RID CSF HI CR % CONTRB % CONTRIB 

wJ/L Ud d/y Y mg/ug kg d d mgikgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

1 , 1 - Dichloroethene 1.50E+Oi 2 26 30 lE-06 70 10950 25550 3.29E-06 1.4iE-06 Q.OOE-03 6.00E-01 3.65E-06 6.45E-09 4.69% 67.21% 

Trichloroethene 1.20E+02 2 20 30 lE-06 70 10950 25550 2.63E-07 1.13E-07 B.OOE-03 l.lOE-02 4.36E-05 1.24E-09 56.23% 12.79% 

Chromium 5.00E+OO 2 20 30 iE-06 70 10950 25550 t.lOE-06 4,70E-09 5.OOE-03 -- 2.19E-06 -- 2.61% 0.00% 

Iron 3.67E+03 2 26 30 lE-06 70 10950 25550 &46E-06 3.64E-06 3.OOE-01 -- 2.63E-05 -- 36.27% 0.00% 

TOTAL 7.60E-05 9.69E-09 lcO.OO% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM DERMAL CONTACT WITH GROUNDWATER 

SITE 11 

FUTURE SCENAFllO 

GROLJNDWATER - DERMAJ 

IUSIDENT (LXI’OSED AS TIlI:SI’ASSLIUIU;CIICAIIONM) CIIILD 

CHEMCAL 
cw SA PC ET EF ED CF EW ATnc ATc CDlnc CDlc RfD CSF HI CR % CONTRIE % CONTRIS 
ug/L cm-2 cm/hr hr/d d/v y Lmglcm^3ug kg d d mgikgld w/kg/d mglkgld (mglkgld) - 1 NC RISK CARC RISK 

I, 1 -Dichloroelhene 1.50E+Ol 7260 0.016 l 0.2 14 6 lE-06 15 2190 25550 4.47E-06 3.63E-07 Q.OOE-03 6.00E-01 4Q6E-04 2.30E-07 0.57% 32.17% 

Trichloroethene l.ZOE+OZ 7260 0.23 l *  0.2 14 6 IE-06 15 2190 25550 5.14E-04 4.4OE-05 6.6OE-03 l.lOE-02 &56E-02 4.64E-07 99.13% 67.03% 

Chromium 5.OOE+OO 7260 0.001 l ** 0.2 14 6 iE-06 15 2190 25550 9.31E-06 7Q6E-09 5.00E-03 -- 1.66E-05 - 0.02% 0.00% 
Iron 3.67E+03 7260 0.001 l ** 0.2 14 6 IE-06 15 2190 25550 7.20E-05 6. i6E-06 3.00E-01 -- 2.4OE-04 - 0.26% 0.00% 

TOTAL 6.64E-02 7. i4E-07 100.00% 100.00% 

l Chemical specific dermal permeability consfant-estimated value, USEPA 1992 

** Chemical specific dermal permeability constant-measured, USEPA 1992 
*** Chemical specific dermal permeability constant-default value, USEPA, 1992 

l *** Chemical specific dermal permeability constant (PC) notavailable. Used water PC, USEPA 1992 



SUMMARY OF CHRONIC DAfLY INTAKE (CDI) AND POTENTlAL NONCARCINDGENIC 

AND CARCtNOGENlC FUSK FROM DERMAL CONTACT WITH GRCIUNDWATEk 

SITE 11 

FUTURE SCEMO 

GROUNDWATER - DERMAL 

RESIDENT (EXPOSED AS lRESPASSER/RECREATlONAl) ADULT 

CHEMfCAL 

cw SA PC ET EF ED CF BW ATnc ATc CDtnc CDIC RfD CSF HI CR % CONTRIS % CONTRIS 

&l/L cm^2 cm/hr hdd d/y y Lmg/cm*3ug kg d d mglkgld mglkgld mglkgld (m&i/d) - 1 NC RISK CARC RISK 

1.1 -Dichloroelhene l.SOE+Ol 23000 0.016 ’ 0.2 20 30 IE-06 70 10950 25550 6.05E-06 2.59E-06 9.OOE-03 6.00E-01 6.72E-04 1.56E-06 0.57% 32.17% 

Trichloroethone 120EiO2 23000 0.23 ** 0.2 26 30 lE-06 70 10950 25550 B.DGE--.04 2.oaH1E n4 6 OnE -03 1.10F 07 l.ltx -01 3.3w 00 1x3 13% 67 rww, 

Chromium 5.wt-t 00 23000 0.001 aa1 0.2 2tJ 30 lE-OU 70 10950 2ss50 1.2f.s -01 5.40t --Ml 5.00E-03 - - 2.52&05 -- a.o2% 0.00% 

Iron 3.87E+03 23000 0.001 l ** 0.2 26 30 lE-06 70 10950 25550 9.75E-05 4.16E-05 3.00E-01 -- 3.25E-04 - 0.20% 0.00% 

TOTAL l.l7E-01 4.84E-06 100.00% 100.00% 

* Chemical specific derrral permeability constant-estimated value, USEPA 1992 

l * Chemical specific dermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-defauk value, USEPA, 1992 

l *** Not available chemical specific dermal permeability constant (PC). Used PC of water, USEPA 1968 



‘_ 
Y 

SUMMARY OF CHRONIC DAJLY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INHAlATlON OF GROUNDWATER 
SITE 11 

FUTURE SCENAMO 

GROUNDWATER - INHALATION 

RESIDENT (EXPOSED AS TRESPASSER/RECREATlONAL) CHILD 

CHEMCAL 

cw 

ugn 

CF 

wlw 

WV RV IR EF ED BW ATnc ATc CDlnc cm RfDi CSFi HI CR % CONTRIB % CONTRIB 
L m3 m3Id d/y yr kg d d mglkgld mgikgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

1 , 1 - Dichloroethene iSOE+Ol l.OE-03 2.OE+02 12 0.12 14 6 15 2190 25550 7.67E-05 6.56E-06 - - 1.75E-01 O.OOE+OO l.l5E-06 0.00% 76.46% 
Trichloroelhene IJOE+ i.OE-03 2.OE+02 12 0.12 14 6 15 2190 25550 6.14E-04 5.26E-05 -- 6.00E-03 O.OOE+OO 3.16E-07 0.00% 21.52% 

NA NA t.OE-03 2.OE+02 12 0.12 14 6 15 2iw) 25550 O.OOE+OO O.OOE+OO NA NA O.OOE+OO O.OOE+OO 0.00% 0.00% 
NA NA i.OE-03 2.OEt02 12 0.12 14 6 15 2190 25550 O.OOEtOO O.OOE+OO NA NA O.OOEtOO 0.00EtOO 0.00% 0.00% 

TOTAL u.uoL; I 00 1.4/lLUU u.uu’x I00.00% 



SUMMARY OF CHRONIC DALY INTAKE (01) AND f’OTENTlAL NONCARCINOGENIC 

AND CARCtNOGENlC RJSKFROM INHALATION OF GROUNDWATER 

SITE 11 

FtJTtJllE SCFNARD 

GlK)UNIJWAIEll -. INIIAIAIION 
RESIDENT (EKPOSED AS TRESPASSER/RECREATIONAL) ADULT 

CHEMCAL 

1,l -Dichloroethene 
Trichloroethene 

NA 
NA 

TOTAL 

cw CF WV RV IR EF ED BW ATnc ATc CDtnc CLnc RfDi CSFi HI CR % CONTRIS % CONTRIB 

ugfl wlw I m3 m3/d d/yr yr kg d d mgikgld mg/kg/d mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

1.50E+Ol l.OE-03 2.OE+O2 12 0.12 26 30 70 10950 25550 3.29E-05 1.41E-05 -- 1.75E-01 O.OOE+OO 2.47E-06 0.00% 76.46% 
1.20E+02 l.OE-03 2.OE+O2 12 0.12 20 30 70 10950 25550 2.63E-04 l.i3E-04 -- 6.OOE-03 O.OOE+OO 676E-07 0.00% 21.52% 

NA l.OE-03 2.OE+02 12 0.12 26 30 70 10950 25550 OBOE+00 O.OOE+OO NA NA O.OOE+OO O.OOE+OO 0.00% 0.00% 
NA l.OE-03 2.OE+02 12 0.12 26 30 70 10950 25550 O.OOE+OO O.OOE+W NA NA O.OOE+OO O.OOE+OO 0.00% 0.00% 

O.OOE+OO 3.14E-06 0.00% 100.00% 



CONSTD-UENTS DETECTED IN GROUNDWATERSAMPLES 
SlTE 11 

NAVAL AMPHIBIOUS BASE - LllTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Constituent 
ISSOLVED METALS: 

NORGANICS 
Barium [e] 
Calcium 
Cobalt [e] 

Cower 14 
Iron 
Magnesium 
Manganese 
Potassium 
Sodium 

24.9 b 
- 15500 
5.3 b 
3.4 b 
- 2380 
- 404Oj 

412 
- 2450 j 
- 18300 

tl 
Federal Tap 

MCL Water 

us/l) [al @g/I) [bl 

260 

220 
140 

18 

-r Heatth 
Advisory 

i!slEuL 

2000 

1300 

Virginia Ground 
Water Stds. Potential 

(ug/l) [d] Concern 

1000 NO 
NO 
NO 

1000 NO 
YES 
NO 
NO 
NO 

270000 NO 

a. Federal MCL concenlration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values tiined from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except fcr aluminum which is obtained from the Januay 7,1994 RBC Table using a target hazard 
quotient of 0.1. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Cffrce of Water 
publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Groundwater Standards Applicable Statewide. 
* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 

e. Constituent concentration is five times greater than the maximum detected in blank (b). 



SUMMARY Cl= CHRONIC DPlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION DF GROUNDWATER 

SITE 11 

FUTURE SCENAFUO 

GROUNDWATER - INGESTION 

RESIDENT (EXPOSED AS TRESPASSEWRECREATIONM) CHILD 

CHEMlCAL 

DISSOLVED METALS: 
Iron 

TOTAL 

cw CR EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

YR w d/y Y mglug kg d d mgikgld wkgld mgikgld (mglkgld) - 1 NC RISK CARC RISK 

238E+03 1 14 6 iE-03 15 2190 25550 609E-03 5.22E-04 3.00E-01 -- 2.03E-02 -- 100.00% 0.00% 

2.03E-02 O.OOE+OO 100.00% 0.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND WTENllAL NONCARCINOGENIC 
AND CARCINOGENIC RlSKFROM INGESTlON OF GROUNmATER 

SITE 11 

FUTUHE SCENARO 

GI~OlJNIIWATFfl _- INGI SIION 
RESIDENT (EXPOSED AS TRESPASSEWRECREATIONAL) ADULT 

CHEMCAL 

DISSOLVED METALS: 
Iron 

TOTAL 

cw CR EF ED CF SW ATnc ATc COlnc ax RD CSF HI CR % CONTAIS % CONTRIB 

ug/L Ud m Y mglug kg d d mgikgld mglkgld mg/kg/d (mg/kg/d)- 1 NC RISK CARC RISK 

2.38E+O3 2 20 30 lE-06 70 10950 25550 522E-06 2.24E-06 3.00E-01 -- 1.74E-05 -- 100.00% 0.00% 

1.74E-05 O.OOE+OO 100.00% 0.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RlSKFROM DERMALCONTACT WITH GROUNDWATER 
SITE 11 

FUTURE SCENARO 

GROUNDWATER - DERMAL 

RESIDENT (EXPOSED AS TRESPASSER/RECREATIONAL) CHILD 

CHENYCAL 

i&SOLVED METALS: 

cw 

ug/L -- 

SA PC ET EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 
cm-2 cm/hr hrld d/y y L mg/cm”3 ug kg d d mglkgld mglkgld mg/kg/d (mglkg/d)- 1 NC RISK CARC RISK 

Iron 2.38E+03 7260 0.001 l ** 0.2 14 6 lE-06 15 2180 25550 4.43E-05 3.60E-06 3.00E-01 -- 1.48E-04 - - ..-. ..- .-~.. 100.00% _ 0.00% 

TOTAL 1.48E-04 O.OOE+OO 100.00% 0.00% 

* Chemical specific derrml permeability consbnt-estimated value, USEPA 1992 

l * Chemical specific dermal permeability consbnt-measured. USEPA 1992 
l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 

l *** Chemical spedfic dermal permeability constant (PC) not available. Used water PC, USEPA 1992. 



SUMMARY CF CHRONIC DAlLY INTAKE (CDI) AND POTENTfALNONCARCl~OGENlC 

AND CARCfNDGENlC RISK FROM DERhML CONTACT WITH GRDUNDWATER 

SITE 11 

FUTURE SCENAtIO 

GROUNDWATER - DERMAL 
RESIDENT (EKPOSED AS TRESPASSER/RECREATIONAL) ADULT 

CHEMCAL 

DISSOLVED METALS: 

Iron --- 

cw SA PC ET EF ED CF BW ATnc ATc CDlnc CDfc RfD CSF HI CR % CONTRB % CONTRIE 

Y/L cm^2 cm/hr hr/d d/Y y L mg/cm*3 ug kg d d mgikgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

2.35E+03 23000 0.001 l ** 0.2 23 30 iE-06 70 10950 25550 6.OOE-05 2.57E-05 3.00E-01 -- - 2.OOE-04 100.00% 0.00% 

TOTAL 2.00E-04 O.rJOE+OO 100.00% 0.00% 

l Chemical specific demo1 permeability constant-esbmated value, USEPA 1992 

** Chemical specific dermal permeability constant-measured, USEPA 1992 
l ** Chemical specific dermal permeabilily constant-default value, USEPA, 1992 

l *** Not available chemical specific dem-ol permeability constant (PC). Used PC of water, USEPA 1988 . 



IEUBK MODEL OPTIONS 
SITE - 11 

Parameter Default Option User Defined Option 
.,:,:::.,.: ,,.,,.,: ‘: ‘.’ ,... .) ,. ;.,, .., ... ‘.,. /j:.:(, ,. ” Tj:., ., : >, ..> .‘.: ,. Air ., ,y: ,.,./ .:,: .,. :,.,:., . . . .: .I : .y.. :, 1::. . . . . : ,,;. ‘1. ,.,I’, 

Outdoor air lead concentration (pg/m3) 0.10 0.00 

Ratio of indoor to outdoor air lead 30 00 
concentration (%) 

Time outdoors (hours/day) 
Age = 

O-l year (O-l 1 mo) 1 1 
1-2 years (12-23 mo) 2 2 
2-3 years (24-35 mo) 3 3 
3-7 years (36-83 mo) 4 4 

Ventilation rate (m*/day) 
Age = 

O-l year (O-l 1 mo) 2 2 
l-2 years (12-23 mo) 3 3 
2-3 years (24-35 mo) 5 5 
34 years (36-47 mo) 5 5 
4-5 years (48-59 mo) 5 5 
5-6 years (60-71 mo) 7 7 
6-7 years (72-84 mo) 7 7 

Lung absorption (%) 32 00 

Dietary lead intake (pg/m3) 
Age = 

O-l year (O-11 mo) 5.53 0.00 
l-2 years (12-23 mo) 5.78 0.00 
2-3 years (24-35 mo) 6.49 0.00 
34 years (36-47 mo) 6.24 0.00 
4-5 years (48-59 mo) 6.01 0.00 
5-6 years (60-71 mo) 6.34 0.00 
6-7 years (72-84 mo) 7.00 0.00 

,,:::,: .,. .:.:.. ‘: ::,,;.. : ” . . ;:, ,.::: . . .“.‘..,... .,: I,,,: j,:. :“:. :j’ ‘. ..j: ‘.’ ..; ;,, .; ,:::. .’ ‘. .,,, .;, : :, &.&ate Diet sources~‘.‘, ,j:, ,.“‘,‘,;I ..,. t: ‘,.Y, .I ::j;.‘;!‘,“; :, :: .:,.I ,,::.. . 
..‘. . .‘. ., 

Concentration (pg Pb/g) 
home-grown fruits 0 0.000 
home-grown vegetables 0 0.000 
fish from fishing 0 0.000 
game from hunting 0 0.000 

Percent of food class (%) 
home-grown fruits 0 0 
home-grown vegetables 0 0 
fish from fishing 0 0 
game from hunting 0 0 



IEUBK MODEL OPTIONS 
SITE - 11 (Continued) 

Parameter Default Option User Defined Option 
:.. ., ,: ‘.’ ‘. :.:’ ‘. Drinking. Water ” 

., .,. . . ,. ., . . . . ,;, ,.., :r.. :‘. ,. ,, ,. .‘. I., :’ ., 

Lead concentration in drinking water @g/L) 4 5.15 

Ingestion rate (liters/day) 
Age = 

O-l year (O-11 mo) 0.20 2 
l-2 years (12-23 mo) 0.50 2 
2-3 years (24-35 mo) 0.52 2 
3-4 years (36-47 mo) 0.53 2 
4-5 years (48-59 mo) 0.55 2 
5-6 years (60-71 mo) 0.58 2 
6-7 years (72-84 mo) 0.59 2 

.‘. .: .;, .. 
Soil/Dust ‘Y” 

::: ,. :.. j.‘. .:: ,. 

Concentration 
Soil 200 227.4 
Dust 200 227.4 

Soil ingestion as percent of total soil and 45 45 
dust ingestion 

Soil/Dust lead concentration (pg/g) 
Age = 

O-l year (O-11 mo) 0.085 0.085 
l-2 years (12-23 mo) 0.135 0.135 
2-3 years (24-35 mo) 0.135 0.135 
3-4 years (36-47 mo) 0.135 0.135 
4-5 years (48-59 mo) 0.100 0.100 
5-6 years (60-71 mo) 0.090 0.090 
6-7 years (72-84 mo) 0.085 0.085 

Dust lead concentration (pg/g) 
Age = 0.0 0.0 

l-2 years (12-23 mo) 0.0 0.0 
2-3 years (24-35 mo) 0.0 0.0 
3-4 years (3647 mo) 0.0 0.0 
4-5 years (48-59 mo) 0.0 0.0 
5-6 years (60-71 mo) 0.0 0.0 
6-7 years (72-84 mo) 0.0 0.0 



IEUEJK MODEL OPTIONS 
SITE - 11 (Continued) 

Parameter Default Option User Defined Option 
,: .A::.. ‘.* .:, 

‘:‘, ” .’ :‘Bioavailability ForAlI Gut Absorption:Pathw&~ .+:[;,,. ” : I’ 1;: 
,. .,,. .:,.,.:;:, : ..: ,..,.:,’ 

Total lead Absorption (at low intake) 
diet 
drinking water 
soil 
dust 
alternate source 

50 
50 
30 
30 
0 

50 
50 
30 
30 
0 

Fraction of lead’ absorbed at high intake 
diet 0.2 0.2 
drinking water 0.2 0.2 
soil 0.2 0.2 
dust 0.2 0.2 
alternate source 0.2 0.2 

‘,: ;‘: :. ., ..,,., .” ‘, :,...; : MatemaI-to-Newbom:Leaa:.::E~~osure.,: : :::, 2.: :,I;:;.. y:: ‘, ,;jj?’ 

II Mother’s blood lead level at time of 
birth 2.5 2.5 

II Geometric standard deviation for blood 
lead (GSD) 1.6 1.6 

II Blood lead level of concern 10 10 



Cutoff: 10.00 ug/dL 
Ceo Mean <CM> = 2. 

80 80 - 

70 70 
i 
- 

E E 60 60 - - 

ii ii 

E E 
50 50 - - 2 2 

=; =; H H 
3 3 40 40 - - 

s s 
2 2 30 30 - - 

20 20 - - 

Intersect : 0.43 : 

LEClD 0.99d BLOOB LEMY CONCENTRnTION <ug/dL) 
72 to 84 Months 

Site 11 
Figure N-7 





SITE - 12 



CONSTlTUENTS DETECTED IN GROUNDWATERSAMPLES 
srlE12 

NAVAL AMPHIBIOUS BASE - IiTl-LE CREEK 
VIRGINIA BEACH. VIRGINIA 

Range of Detected Federal Tap I Health Virginia Ground 
Frequency Concentrations MCL Water ~ Advisory Water Stds. Potential 

Constituent of Detection I (ug/l) (ug/l) [al @g/l) [bl I @g/l) [cl @slU IdI Concern 

voL4TlLEs 
1,2-Dichloroethene (total) 21 4, 2j - llwo 5.5 I 70 YES 
Chloroform 11 4: lj 5.7 0.15’ 100 YES 
Trichkroethene 31 41 2j - 2300 5 1.6 300 YES 
Tetrachlaroethene 3/ 41 2j - 4900 0.8 1.1 5 YES 

Notes: 
a. Federal MCL concentration values represent USFederal Maximum Contaminant Level for potable water supplies, 
b. Tap Water Concentration values obtained from .July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table. 
c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 

puMication “Drinking Water Regulations and Health Advisories.” 
d. Virginia Groundwater Standards Applicable Statewide. 



SUMMARY CX= CHRONIC DAILY INTAKE (CDI) AND POTENTbU NONCAfiClNOGENlC 

AND CAFtCtNOGENlC RtSKFROM INGESTION OF GROUNDWATER 

SITE 12 

FUTURE SCENAMO 

GROUNDWATER - INGESTtON 

RESIDENT (EXPOSED AS TRESPASSEWRECWATIONM) CHILD 

Ci’ CR EF ED CF BW ATnc ATc CDlnc CDIC RfD CSF 

CHEMICAL up/l. !Jd Wy y mglug kg d d mgN$d W’W? WW? (mg/kg/d) - 1 

i,2-Dichloroethene l.lOE+04 1 14 6 lE-03 15 2190 25550 2.6iE-02 2.4lE-03 Q.OOE-03 -- 

Chloroform l.OOE+OO 1 14 6 lE-03 15 2190 25550 2.56E-06 2.19E-07 1 .OOE-02 6lOE-03 

Trichloroethene 230E+03 1 14 8 IE-03 15 2190 25550 5.66E-03 5.04E-04 6.OOE-03 l.lOE-02 
Tetmchloroethene 4.QOE+03 1 14 6 IE-03 15 2190 25550 1.25E-02 l.O7E-03 l.OOE-02 5.20E-02 

TOTAL 

HI CR % CONTRIS % CONTRIB 
NC RISK CARC IWK 

3.13E+OO -- 56.32% 0.00% 

2.56E-04 1.34E-09 0.00% 0.00% 

Q.flOE-01 5.55E-06 16.29% 9.03% 
1.25E+OO 5.56E-05 23.36% 90.97% 

5.36E+OO 6.14E-05 100.00% 100.00% 



SUMMARY OF CHRONIC DAtLY INTAKE (WI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGEMC RISKFROM INGESTION OF GROUNMATEA 

SITE 12 

FUTURE SCENAFIO 

GROUNDWATER - INGESTION 

RESIDENT (EXPOSED AS TRESPASSER/RECREAnONAL) ADULT 

CHEMCAL 

cw CR EF ED CF EW ATnc ATc CDtnc cm2 RfD CSF HI CR % CONTRIB % CONTRIB 

WIR Ud dlv Y  mg/ug kg d d mglkgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

l,2-Dichloroethene i.lOE+04 2 20 30 iE-06 70 10950 25550 2.4lE-05 l.O3E-05 9.OOE-03 -- 2.6YE-03 -- 58.32% 0.00% 
Chloroform l.OOE+OO 2 20 30 lE-06 70 10950 25550 2.19E-09 9.39E-10 l.OOE-02 6.10E-03 2.19E-07 5.73Em. 12 0.00% 0.00% 
Trichloroethene 2.30E+03 2 20 30 iE-06 70 10950 25550 5.04E-08 2.16E-06 6.OOE-03 l.iOE-02 &40E-04 2.36E-06 16.29% 9.03% 
Totmchlorouthono 4.wE t 03 2 26 30 lE-06 70 10950 25550 1,07E-05 4.6OE-06 l.OOE-02 5.20E-02 1.07E-03 2.39E-07 23.36% so.97% .- .- _̂  -. -- ~- - ~- --- .- 

TOTAL 4.59E-03 2.txJE--07 100.00% 100 00% 



SUMMARY CE CHRONIC DAJLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CARCINOGENIC FUSK FROM DERMAL CONTACT WITH GROUNDWATER 

SITE 12 

FUTURE SCENARO 

GROUNDWATER - DERMAL 

RESIDENT (EXPOSED AS TRESPASSEFl/RECREATlONAL) CtillD 

CHEMlCAL 

1,2-Dichloroethene 

Chloroform 

Trichloroelhene 

Tetmchloroethene 

TOTAL 

cw SA PC ET EF ED CF BW ATnc ATc CDlnc CDIC FUD CSF HI CR % CONTFUB % CONTRIB 

u!3/L cm-2 cmlhr hr/d d/y y L mg/cm^3 ug kg d d w/kg/d mMw/d mg/kg/d (mg/kg/d) - 1 NC FUSK CAFE RISK 

1. fOEi 7260 0.01 ’ 0.2 14 6 IE-06 15 2190 25550 2.05E-03 1.76E-04 Q.OOE-03 -- 2.28E-01 - 4.34% 0.00% 

1 .ooE+oa 77.80 0.\3- 0.2 14 6 1E-06 15 2190 25550 2.42E-06 207E-07 1 .WE-02 6.10E-03 2.42E-04 1.27E-OQ 0.00% 0.00% 

2.30E+03 7280 0.23 ‘* 0.2 14 6 iE-08 15 2190 25550 Q.E5E-03 &44E-04 6.OOE-03 l.lOE-02 1.64E+DO 9.28E-06 31.30% 5.81% 

4.90Ei03 7280 0.37 l *  0.2 14 6 IE-06 15 2190 25550 3.37E-02 2.&E-03 i.OOE-02 5.20E-02 3.37E+OO 1.50E-04 64.36% 94.19% 

5.24E+OO 1.69E-04 100.00% 100.00% 

l Chemical specific derrral permeability coWant-estimated value, USEPA 1992 

l ‘ Chemical specific dermal permeability constant-measured, USEPA IQ92 

l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 

**** Chemical spedfic dermal permeability constant [PC) not available. Used water PC, USEPA 1992. 



SUMMARY OF CHRDNfC DAILY INTAKE (CM) AND PDTENTfAL NONCARCINOGENIC 
AND CARMNDGENfC RISKFROM DERMAL CONTACT WITH GROUNDWATER 

SITE 12 

FUTURE SCENARfO 
GROUNDWATER - DERMAL 

RESIDENT (EKPGSED AS TRESPASSER/RECREATfONAL) ADULT 

CHEMCAL __.-.---... ~. 

cw ___-_ SA PC 

y/L cm^2 cmlhr ._-. 

--- ~__ 
ET EF ED CF BW ATnc ATc CDtnc CDIC RfD CSF HI CR % CONTRIB % CONTRIB 

d hrld diy ..-y Lmg/cmn3ug kg d _... ~_. -. mglkgld _ mm@! !Y ! !w G!!g!??@! - !  NC RISK CARC RISK 

i,2-Dichloroelhene l.fOE+04 23OC0 0.01 l 0.2 20 30 fE-06 70 10950 25550 2.77E-03 1.19E-03 9.OOE-03 - - 3.06E-01 - 4.34% 0.00% 
Chloroform i.OOE+GI 23003 0.13 l *  0.2 26 30 lE-06 70 10950 25550 3.26E-06 14OE-06 i.OOE-02 6.1 OE-03 3.26E-04 657E-09 0.00% 0.00% 
Trtchloroethene 2.30E+03 23CilO 0.23 l *  0.2 26 30 fE-06 70 10950 25550 1.33E-02 5.71 E-03 6.09E-03 l.lOE-02 2.22E+OO 6.29E-05 31.30% 5.61% 
Tetrachloroelhene 49OE+03 23009 0.37 l *  0.2 20 30 IE-06 70 10950 25550 4.57E-02 195E-02 1 .OOE-02 5.20E-02 4.57E+00 l.O2E-03 64.36% 94.19% 

TOTAL 7.10E+OO i.O8E-03 100.00% 100.00% 

* Chemical specific derrral permeability constmt-estimated value, USEPA 1992 

l * Chemical specific dermal permeability constlnt-measured, USEPA 1992 
l ** Chemical specific dermal permeability conskmt-default value, USEPA, 1992 

l *** Not available chemical specific derrral permeability conshnt (PC). Used PC of water, USEPA 1966 



SUMMARY OF CHRONIC DAlLY INTAKE (CM) AND POTENTIAL NONCARCINDGENIC 

AND CARCINOGENIC RISKFROM INHAlAllON OF GROUNDWATER 

SITE 12 

FUTURE SCENAfUO 

GFIOUNDWATER - INHAlAllON 

RESIDENT (EXPOSED AS TRESPASSER/RECREATIONAL) CHILD 

CHEMICAL 

cw CF 

ugfl mglug 

WV RV IR EF ED BW ATnc ATc CDlnc CDIC RfDi CSFi HI CR % CONTRIB % CONTRIB 
L m3 m3Id d&r yr kg d d mg/kg/d mg/kg/d mglkgld (mgikg/d)- 1 NC RISK CARC RISK 

1,2-Dichloroethene t.lOE+04 l.OE-03 2.OE+02 12 0.12 14 6 15 2190 25550 5.63E-02 4.62E-03 -- -- O.wE+OO O.OOE+OO 0.00% 0.04% 

Chloroform l.OOE+00 l.OE-03 2.OE+02 12 0.12 14 6 15 21Q0 25550 S.llE-06 4.36E-07 -- 8.05E-02 O.OOE+OO 3.53E-06 0.00% 0.34% 

Trichloroethene 2.30E+03 l.OE-03 2.OE+02 12 0.12 14 6 15 2190 25550 l.lBE-02 l.OlE-03 -- 8.OOE-03 O.OOE+OO 6.05E-06 0.00% 57.92% 

Tulrxhloroolheno 4.wEt03 l.OE-03 2.OEt02 12 0.12 14 6 15 2180 25550 2.5lE-02 2.15E-03 -- 2.03E-03 O.OOE+OO 4.36E-06 0.00% 41.75% -~ ..- __..~_~~. ~..._. .-. __ .~. 



SUMMARY aF CHRONIC DAILY INTAKE (CDI) AND WTENTfAL NONCARCINOGENIC 

AND CARCtNOGENlC RlSKFRDM INHALATfON OF GROUNDWATEA 

SITE 12 

FUTUAE SCENAMO 

GROUNDWATER - INtUUATfON 

RESIDENT (EXPOSED AS lRESPASSER/RECREATfONAL) ADULT’ 

CHEMtCAL 

cw CF 

&l/l wtlug 

WV RV IR EF ED BW ATnc ATc CDlnc CDIC RfDi CSFi HI CR % CONTRIB % CONTRIB 

I m3 m3/d d/yr yr kg d d mghgld mghgid mg/kg/d (mg/kg/d)- 1 NC RISK CARC RISK 

l.Z-Dichloroelhene l.lOE+04 l.OE-03 2.OE+02 12 0.12 28 30 70 10950 25550 2.4lE-02 l.O3E-02 -- -- O.OOE+OO O.OOE+OO 0.00% 0.00% 
Chloroform t.OOE+OO l.OE-03 2.OE+02 12 0.12 28 30 70 lOQ50 25550 2.19E-06 9.39E-07 -- 8.05E-02 O.OOE+OO 7.56E-08 0.00% 0.34% 
Trichloroethene 2.30E+03 l.OE-03 2.OE+02 12 0.12 28 30 70 10950 25550 5.04E-03 2.16E-03 -- 6.OOE-03 O.OOE+OO 1.30E-05 0.00% 57.92% 
Tetmchloroethene 4,90E+03 l.OE-03 2.OE+02 12 0.12 20 30 70 10950 25550 l.O7E-02 4.6OE-03 -- 2.03E-03 O.OOE+OO 9.34E-06 0.00% 41.75% 

TOTAL O.OOE+OO 2.24E-05 0.00% 100.00% 



CONSTITUENTS DETECTED IN SURFACE WATER 

SITE 12 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 

VIRGINIA BEACH. VIRGINIA 

Zonstituent 

lOlATILES 

Acetone 

1 ,P-Dichloroethene (totar) 

2-Butanone 

Trichloroethene 

Tetrachloroethene 

Toluene 

NORGANICS 

; Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

/ Range of Detected 

Frequency Concentrations 

of Detection (W) 

t 

31 

1 I 

1 I 

1 I 

1 I 

31 

21 
31 

41 

1 I 

1 I 

41 

1 I 
11 
41 

41 

41 

41 

41 

1 I 

11 
41 

41 

21 

41 20 

4 

4 

4 

4 

4 2j 

4 43201 - 81800 

4 2.2 j 23.4 

4 25.3 j - 669 

4 3.1 j 

50 

11 

36 

3j 

3j 
- 58 

4 7.5 

4 15800j - 

4 148 

4 64 

4 4.7j - 

4 2900j - 

4 2.Oj - 

4 5150j - 

4 507j - 

4 ’ 0.79 

4 143 

4 2800j - 

4 13300j - 

4 11.8j - 

84500 jl 

305 

94800 

312 

26600 

1240 

21300 

262000 

162 

j 
j 
j 
i- 

-I- 

j 

4 1 41 39.lj - 3800 

Federal Tap 
MCL Water 

WI) [al WI) PI 

370 

5.5 

5 1.6 

0.8 : 1.1 

6800 750 

11000 

0.018 0.038 

260 

0.016 

18 

18 

220 

140 

18 

0.14, 1 .1 

610: 73 

28 

1100 

Health 

Advisory 

Wll) [cl 

70 

300 

5 

1000 

50 

2000 

4 

5 

100 

1300 

0 

2 

100 

\r 
Virginia 

Mater Stds. 

(W) PI 

27 

318 

6800 

50 

2000 

18 

170 

1300 

15 

50 

0.144 

607 

5000 

a. Federal MCL concenfzation values represent USFederal Maximum Contaminant Level for potable water supplies. 

b. Tap Water Conoenfration values obtained from July 11, 1994 USEPA Region III Risk-Based 

Concentration Table except for aluminum which is obtained from the January 7.1994 RBC table. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 

publication “Drinking Water Regulations and Health Advisories.” 

d. Virginia Water Standards for public water supplies. 

* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 

Potential 

Concern 

NO 

YES 

NO 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES l 

NO 

YES 

YES 

YES 

NO 

NO 

YES 

YES 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC FIISKFROM INGESTTON OF SUFFACE WATER 

SITE 12 

CURRENT SCENARIO 

SUFFACE WATER - INGESTION 
TRESPASSER CHILLI 

CW CR EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

CHEMlCAL ug/L 

I.2Dichloroethene 

Trichloroelhene 

Telrachloroethene 

Aluminum 

Arsenic 

Lhnum 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

Zinc - 

l.lOE+Ol 

3.OOE+OO 

3.OOE+OO 

&lCIE+04 

2.34E+Ol 

ti CiOl. I 02 

3.10E+OO 

7.50E+OO 

1.48E+02 

64OE+Ol 

3.05E+02 

9.46E+04 

1.24E+03 

7.90E-01 

1.43E+02 

i.@2E+02 

3.60E+03 

2 350 6 IE-03 15 

2 350 6 IE-03 15 

2 350 6 lE-03 15 

2 350 6 lE-03 15 

2 350 6 iE-03 15 

2 350 0 IE-03 19 

2 350 6 lE-03 15 

2 350 6 iE-03 15 

2 350 6 lE-03 15 

2 350 6 IE-03 15 

2 350 6 IE-03 15 

2 350 6 iE-03 15 

2 350 6 IE-03 15 

2 350 6 IE-03 15 

2 350 6 IE-03 15 

2 350 6 iE-03 15 

2 350 6 IE-03 15 

2190 25550 1.4lE-03 

2190 25550 3.84E-04 

2190 25550 364E-04 

2190 25550 l.O5E+Ol 

2190 25550 2.99E-03 

2lOU %!h50 &55E- 02 

2190 25550 3.96E-04 

2190 25550 9.59E-04 

2190 25550 1.89E-02 

2196 25550 6.18E-03 

2190 25550 3.90E-02 

2190 25550 1,2iE+Ol 

2190 25550 1.59E-01 

2190 25550 1 .Ol E-04 

2190 25550 1.83E-02 

2190 25550 2.07E-02 

1.21E-04 

3.29E-05 

3.29E-05 

696E-01 

2.56E-04 

7.331: .- 03 

3.4OE-05 

6.22E-05 

1.62E-03 

7.0lE-04 

3.34E-03 

1.04E+M) 

1.36E-02 

6.66E-06 

1.57E-03 

1.78E-03 

9.OOE-03 -- 

B.OOE-03 l.lOE-02 

l.OOE-02 5.20E-02 

2.99E+OO -- 

3.00E-04 1.75E-1.00 

~7.uuI~ 0% 

5.OOE-03 4.30E+OO 

5.00E-04 -- 

5.OOE-03 -- 

6.00E-02 - - 

3.71E-02 -- 

3.00E-01 -- 

5.00E-03 -- 

3.00E-04 - - 

2.06E-02 -- 

7.00E-03 -- 
j  

1.56E-01 

6.39E-02 

3.64E-02 

36iE+oo 

9.97E +00 

1 .%JI: I 00 

793E-02 

1.92E+OO 

3.78E+OO 

1.36E-01 

l.O5E+OO 

4.04E+Oi 

3.17E+Oi 

3.37E-01 

9.14E-01 

296E+OO 

-- 0.16% 

3.62E-07 0.06% 

1.71E-06 0.04% 

-- 3.61% 

4.49E-04 9.96% 

I PJ’X. 

1.46E-04 0.06% 

-- 1.92% 

3.79% 

-- 0.14% 

-- 1.05% 

40.42% 

-- 31.72% 

-- 0.34% 

0.91% 

-- 296% 

0.00% 

0.06% 

0.29% 

0.00% 

75.16% 

o.orl’H. 

24.47% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

2190 25550 466E-01 4.16E-02 3.00E-01 -- 1 l.S?E+OO -- 162% 0.00% 

TOTAL l.OOE+02 5.97E-04 100.00% 100.00% 

-Id dly Y mg/ug kg d d mg/kg/d mglkgld mgkgld (mglkgld)- 1 NC RISK CARC RISK 



SUMMARY OF CHRONIC DAtLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARUNOGENIC RtSKFROM INGESTtON DF SUAACE WATER 

SITE 12 

CURRENT SCENARIO 

SUf+=ACE WATER - INGESTlON 

TRESPASSER ADULT 

EF ED CF BW ATnc ATc CDlnc CDIC AD CSF HI CR %CONTRlB %CONTRlB 

dr, 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

350 

3!Ju 

350 

350 

350 

350 

Y  mg/ug kg d d mglkgld mglkgld mglkgld @g/kg/d) - 1 NC RISK CARC RISK 

30 lE-06 70 

30 IE-06 70 

30 IE-06 70 

30 lE-06 70 

30 IE-06 70 

30 IE-06 70 

30 IE-06 70 

30 iE-06 70 

30 iE-06 70 

30 IE-06 70 

30 IE-06 70 

30 IE-06 70 

30 I I: ou 111 

30 lE-06 70 

30 IE-06 70 

30 IE-06 70 

25550 

25550 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

to950 

I O!~!JU 

10950 

10950 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

2b!dU 

25550 

25550 

3.01E-07 1.29E-07 

8.22E-08 3.52E-08 

8.22E-08 3.52E-08 

2.24E-03 9.60E-04 

6.4lE-07 2.75E-07 

1.83E-05 7.86E-06 

8.49E-08 3.64E-08 

2.05E-07 B.BlE-08 

4.05E-06 1.74E-06 

1.75E-06 7.51E-07 

8.36E-06 3.58E-06 

2.60E-03 l.llE-03 

3.4LlL --Oh 1.401; -03 

2.16E-08 9.28E-09 

3.Q2E-06 1.6aE-06 

4.44E-06 IsOE-06 

Q.OOE-03 -- 3.35E-05 

6.OOE-03 l.lOE-02 1.37E-05 

l.OOE-02 5.20E-02 8.22E-06 

2.90E+OO -- 7.73E-04 

3.00E-04 1.75E+OO 2.14E-03 

7.OOE-02 - - 2.62E-04 
5.OOE-03 4.30E+OO 1.70E-05 

5.00E-04 - - 4.11E-04 

5.00E-03 -- 8.11E-04 

6.00E-02 -- 2.Q’ZE-05 

3.71E-02 -- 2.25E-04 

3.00E-01 -- 8.66E-03 
SOUL 03 U./IA--UJ 

3.00E-04 -- 7.2lE-05 

2.OOE-02 -- 1.96E-04 

7.OOE-03 -- 6.34E-04 

-- 0.16% 

3.87E-10 0.06% 

1.83E-09 0.04% 

-- 3.61% 

4.8lE-07 9.98% 

-- 1.22% 

1.57E-07 0.08% 

-- 1.92% 

-- 3.7996 

-- 0.14% 

-- l .05% 

40 42% 

31.12% 

-- 0.34% 

-- 0.91% 

-- 2.96% 

0.00% 

0.06% 

0.29% 

O.ou% 

75.18% 

0.00% 

24.47% 

0.00% 

0.00% 

0.00% 

0.00% 

0 IlO% 

0.00% 

0.00% 

0.00% 

0.00% 

30 iE-06 70 10950 25550 l.O4E-04 4.46E-05 3.OOE-01 -- 3.47E-04 -- -___- 1.62% 0.00% 

CHEMlCAL 

1,2-Dichloroethene 

Trichloroethene 

Tettachloroethene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

M~UI~J,IIW:~U 

Mercury 

Nickel 

Vanadium 

Zinc 

cw 

WR __- 

CR 

Ud 

l.lOE+Ol 2 

ZOOE+OO 2 

3.00E+OO 2 

8.18E+04 2 

234E+Ol 2 

6.69E+02 2 

3.10E+OO 2 

7.50E+OO 2 

1.48E+02 2 

6.40E+Oi 2 

3.05E+02 2 

9.4RE+04 2 

1.241. I 03 2 

7.9OE-01 2 

1.43E+02 2 

1.62E+02 2 

3.80E+03 2 

TOTAL 2.14E-02 6.4OE-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAtLY INTAKE (CDI) AND F’DTEN-RALNONCARCINDGENIC 

AND CARCiNDGENlC RtSKFROM INGESTION DF SURACE WATER 

SITE 12 

CURRENT SCENARtO 

SURFACE WATER - INGESTION 

WORKER ADULT 

CHEMICAL 

cw .CR... Ei .ED -. CF SW ATnc AT;’ CDlnc C& RID CSF HI CR % CONTRIS % CONTRIB 

w- Ud d/v Y  kglmg kg d d mglkgld mglkgld mglkgld (mglkg/d)- 1 NC RISK CARC RISK 

1.2-Dichloroethene 

Trichloroethene 

Tetrachloroethene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

Zmc 

TOTAI 

l.lOE+Ol 

3.00E+OO 

3.00E+00 

&16E+04 

2.34E+Ol 

6.69E+02 

3.iOE+OO 

7.50E+OO 

1.48E+02 

6.40E+Ol 

3.05E+02 

9.46E+04 

1.24E+03 

7.90E-01 

1.43E+02 

1.62E+02 

3.60E+03 

2 250 25 lE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 lE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 lE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 iE-06 70 9125 25550 

2 250 25 lE-06 70 9125 25550 

2 250 25 iE-06 70 9125 25550 

2 250 25 IE-06 70 9125 25550 

2 250 25 iE-06 70 9125 25550 

2 250 25 lE-06 70 9125 25550 

2 250 25 iE-06 70 9125 25550 

2.15E-07 

5.67E-06 

5.67E-06 

1.6OE-03 

4.56E-07 

1.31E-05 

607E-06 

1.47E-07 

2.90E-06 

1.25E-06 

5.97E-06 

1.66E-03 

2.43E-05 

1.55E-06 

2.60E-06 

3.17E-06 

7.69E-06 

2.10E-06 

Z.lOE-06 

5.72E-04 

1.64E-07 

4.68E-06 

2.17E-08 

5.24E-06 

l.O3E-06 

4.47E-07 

2.13E-06 

6.63E-04 

6.67E-06 

5.52E-09 

9.99E-07 

l.l3E-06 

9.OOE-03 - - 

6.00E-03 l.lOE-02 

l.OOE-02 5.20E-02 

2.9OE+M) -- 

3.OOE-04 1.75E+OO 

7.00E-02 -- 

5.00E-03 4.30E+OO 

5.00E-04 -- 

5.OOE-03 -- 

6.OOE-02 - - 

3.71E-02 -- 

3.00E-01 -- 

5.00E-03 -- 

3.00E-04 -- 

2.00E-02 -- 

7.00E-03 - - 

2.39E-05 -- 

9.76E-06 2.31E-10 

5.67E-06 l.O9E-09 

5.52E-04 -- 

i.53E-03 2.66E-07 

1.67E-04 -- 

1.21E-05 9.32E-06 

2.94E-04 -- 

5.79E-04 -- 

2.09E-05 -- 

1.61E-04 -- 

6.16E-03 -- 

4.65E-03 -- 

5.15E-05 -- 

1.40E-04 - - 

4.53E-04 -- 

0.16% 

0.06% 

0.04% 

3.61% 

9.96% 

i.22% 

0.06% 

1.92% 

3.79% 

0.14% 

1.05% 

40.42% 

31.72% 

0.34% 

0.91% 

2.96% 

7.44E-05 2.66E-05 3.00E-01 -- 2.46E-04 -- 1.62% 

0.00% 

0.06% 

0.29% 

0.00% 

75.16% 

0.00% 

24.47% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

1.53E-02 3.61E-07 too.on% ion.nn% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCAfICINOGENIC 

AND CARClNOGENlC RlSKFROM DERMAL CONTACT WITH SUFIFACE WATER 

SITE 12 

CURRENT SCENARIO 

SlJFlFACE WATER - DERMAL 

TRESPASSER CHILLI 

CHEMf CAL 

cw 

UN 

SA PC ET EF ED CF BW ATnc ATc CDlnc cm WD CSF HI CR % CONTRIB % CONTRIB 
cmA2 cmihr hr/d d/y y L mglcm -3 ug kg d d mglkgld mgkgld mglkgid (mglkg/d)- 1 NC RISK CARC RISK 

i,2-Dichloroethene 

Trichloroethene 

Tetrachloroethene 

Aluminum 

Arsenic 

1!4num 

Beryllium 

Cadmium 

Chromium 

Cobalt 

copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

Zinc 

TOTAL 

l.fOE+Oi 

300E+OO 

39OE+OO 

6.16E+04 

2.34E+Of 

0 UOI. I 02 

310E+OO 

7.50E+O9 

1.46E+02 

64OE+Ol 

3.05E+02 

9.46E+04 

1.24E+03 

7.9OE-01 

1.43E+02 

i.@2E+02 

3.80E+03 

7280 0.01 l 2.6 350 6 

7280 0.23 ** 2.6 350 6 

7260 0.37 l *  2.6 350 6 

7260 0.001 ‘** 2.6 350 6 

7260 0.001 *** 2.6 350 6 

/%UU II 001 ‘*A 2.0 350 u 

7260 0.001 *** 2.6 350 6 

7260 0.001 l * *  2.6 350 6 

7200 0.001 l * *  2.6 350 6 

7260 0.001 ***  2.6 350 6 

7260 0.001 l ‘* 2.6 350 6 

7200 0.001 l * *  2.6 350 6 

7260 0.001 l * *  2.6 350 6 

7260 0.001 l * *  2.6 350 6 

7260 0.001 l * *  2.6 350 6 

7280 0.001 l * *  2.6 350 6 

IE-06 

IE-06 

lE-06 

lE-06 

IE-06 

II. WI 

IE-06 

lE-06 

IE-06 

lE-06 

iE-06 

lE-06 

lE-06 

IE-06 

iE-06 

iE-06 

15 2196 25550 5.12E-05 4.39E-06 9.00E-03 -- 
15 2190 25550 3.21E-04 2.75E-05 6.00E-03 i.lOE-02 

15 2193 25550 5.17E-04 4.43E-05 i.OOE-02 5.20E-02 

15 2190 25550 3.61E-02 3.26E-03 29UE+OO -- 

15 2190 25550 l.O9E-05 9.33E-07 3.OOE-04 1.75E-1-00 

15 2100 255!au 3.1 IL -04 2.011. 05 /.nvL 02 

15 2199 25550 1.44E-06 1.24E-07 5.00E-03 4.30E+OO 

15 2190 25550 3.49E-06 299E-07 5.00E-04 -- 

15 2190 25550 6.89E-05 5.90E-06 5.00E-03 -- 

15 2190 25550 2.96E-05 2.55E-06 6.00E-02 -- 

15 2190 25550 1.42E-04 1.22E-05 3.7iE-02 -- 

15 2190 25550 4.4iE-02 3.76E-03 3.00E-01 -- 

15 2193 25550 5.77E-04 4.95E-05 5.00E-03 -- 

15 2190 25550 3.66E-07 3.15E-08 3.00E-04 -- 

15 2196 25550 666E-05 5.70E-06 2.00E-02 -- 

15 2190 25550 7.54E-05 6.46E-06 7.00E-03 -- 

7260 0.0006 l 2.6 350 6 iE-06 15 2190 25550 l.O6E-03 9.lOE-05 3.00E-01 -- 

+ Chemical specific dermal permeabilily constant-estimaled, USEPA 1992 

l * Chemical specific dermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-default value, USEPA. 1992 

**** Chemical spealic dermal permeability consiant (PC) not avaflable. Used water PC, USEPA 1992. 

569E-03 - 1.21% 

5.35E-02 3.03E-07 11.35% 

5.17E-02 2.30E-06 10.56% 

1.3lE-02 - 2.76% 

3.wE--02 1 6X- n6 7.70% 

4.4!,1.- KI , Ll.V4’x. 

2.89E-04 5.32E-07 0.06% 

6.96E-03 - 1.46% 

1.36E-02 - 292% 

4.96E-04 - 0.11% 

3.83E-03 - 0.81% 

1.47E-01 - 31.19% 

l.i5E-01 - 24.46% 

1.23E-03 - 0.26% 

3.33E-03 - 0.71% 

l.O6E-02 - 2.26% 

3.54E-03 - 0.75% 

4.7iE-01 4.77E-06 

0.00% 
6.35% 

46.26% 

0.00% 

34.24% 

I).Uo’x. 

11.15% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

100.00% 



SUMMARY CF Cl IRONIC DNIY INTAKE (01) AND I’OlENTIAI. NONCARCINOCENIC 

AND CARCINOGENIC RISKFROM DERMAL CONTACT WITH SUFFACE WATER 

SITE 12 

CURRENT SCENARIO 

SUffACE WATER - DERMAL 

TRESPASSER ADULT 

CHEMlCAL 

cw SA PC ET EF ED CF BW ATnc ATc CDtnc CDlC RfD CSF HI CR 96 CONTRIB % CONTRIB 

ug/L cm-2 cm/t-s hr/d d/y y Lmg/cm^3 ug kg d d mglkgld mg/kg/d mglkgld (mg/kg/d) - 1 NC RISK CAFtC RISK 

1 ,P-Dichloroethene 

Trichloroethene 

Tetmchloroethene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

CoMt 

Copper 

lr11n 

Manganese 

Mercury 

Nickel 

Vanadium 

l.lOE+Ol 23000 0.01 l 2.6 350 30 

300E+OO 23QQO 0.23 l *  2.6 350 30 

3QOE+OO 23006 0.37 l *  2.6 350 30 

8.1 BE+04 23000 0.001 l ** 2.6 350 30 

2.34E+Ol 23000 0.001 l ** 2.6 350 30 

669E+02 23006 0.001 l * *  2.6 350 30 

3,10E+OO 23000 0.001 l ** 2.6 350 30 

7.50E+OO 23000 0.001 *** 2.6 350 30 

1.48E+02 23000 0.061 l ** 2.6 350 30 

6.40E t0l 23000 0.001 “* 2.6 350 30 

3.05E t-02 23000 0.001 “’ 2.6 350 30 

! I  4111. , 04 1:11nn~ 0 O O I  l * *  3 0 :I!,0 :I0 

1.24E+03 23000 0.001 ‘*A 2.6 350 30 

79OE-01 23000 0.001 *** 2.6 350 30 

1.43E+02 23000 0.001 l * *  2.6 350 30 

1.62E+02 23000 0.001 l * *  2.6 350 30 

lE-06 

IE-06 

lE-06 

lE-06 

lE-06 

IE-06 

IE-06 

lE-06 

IE-06 

iE-06 

lE-06 
II 00 

IE-06 

IE-06 

lE-06 

lE-06 

70 10950 25550 3.47E-05 

70 10950 25550 2.17E-04 

70 10950 25550 3.50E-04 

70 10950 25550 2.58E-02 

70 10950 25550 7.37E-06 

70 10950 25550 2.11E-04 

70 10950 25550 9.77E-07 

70 10950 25550 2.36E-06 

70 10950 25550 4.66E-05 

70 10950 25550 2.02E-05 

70 10950 25550 9.61E-05 

10 lOIl!iO P!l!hI) 2.nm 0% 

70 10950 25550 3.91E-04 

70 10950 25550 2.49E-07 

70 10950 25550 4.51E-05 

70 10950 25550 5.10E-05 

Zinc 3.80E+03 23000 0.0006 * 2.6 350 30 IE-06 70 10950 25550 7.18E-04 

TOTAL 

l Chemical specific dernal permeability conshnt-estimated, USEPA 1992 

l * Chemical specific dermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-default value, USEPA, IQ92 

l *** Chemical specific dermal permeability constant (PC) not available. Used water PC, USEP4 1992. 

1.49E-05 

9.32E-05 

1.50E-04 

l.lOE-02 

3.16E-06 

9.03E-05 

4.19E-07 

i.OlE-06 

2.00E-05 

8.64E-06 

4.12E-05 

1 .:‘I11 (Y 

1.67E-04 

i.O7E-07 

193E-05 

2.19E-05 

9.00E-03 -- 

6.OOE-03 l.lOE-02 

t.OOE-02 5.20E-02 

29QE+OO -- 

3.00E-04 1.75E+OO 

7.00E-02 -- 

5.00E-03 4.30E+OO 

500E-04 - - 

5.00E-03 -- 

6.00E-02 -- 

3.7iE-02 -- 

:1 0111 01 

5.00E-03 -- 

3.OOE-04 -- 

2.OQE-02 -- 

7.00E-03 -- 

3.85E-03 - 

3.62E-02 l.O2E-06 

3.50E-02 7.79E-06 

8.89E-03 - 

2.46E-02 5.53E-06 

3.01E-03 - 

1.95E-04 1.80E-06 

4.73E-03 - 

9.33E-03 - 

3.36E-04 - 

2.5QG03 - 

r, fXil 0:’ 

7.8iE-02 - 

8.30E-04 - 

2.25E-03 - 

7.29E-03 - 

1.21% 

Ii .35% 

10.96% 

2.78% 

7.70% 

0.94% 

0.06% 

1.48% 

2.92% 

0.11% 

0.01% 
XI IIJ’L 

24.48% 

0.26% 

0.71% 

2.28% 

0.00% 

6.35% 

48.26% 

0.00% 

34.24% 

0.00% 

11.15% 

0.00% 

0.00% 

0.00% 

0.00% 
0 IIII’X, 

0.00% 

0.00% 

0.00% 

0.00% 

3.08E-04 3.00E-01 - - 2.39E-03 - 0.75% 0.00% 

3.19E-01 1.61E-05 1 00.00% 100.00% 



SUMMARY OF CHRONIC DAJLY INTAKE (CDI) AND PDTENTlALNONCARClNDGENIC 

AND CARCtNCGENlC RISKFROM DERMAL CONTACT WITH SUFFACE WATER 

SITE 12 

CURRENT SCENARIO 

SURACE WATER - DERMAL 

WORKER ADULT 

CHEMtCAL 

SA PC ET EF ED- CF BW ATnc ATc CDlnc COIC RfD -. CSF HI CR % CONTRIB % CONTRIE 
cm-2 cm/hr hrld d/y y Lmglcm”3ug kg d d mglkgld mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK 

1 ,P-Dichloroethene 

Trichloroethene 

Tetrachloroethene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

t.lOE+Ot 23000 

36OE+OO 23000 

3.00E+OO 23000 

6.16E+04 23000 

2.34E+Ol 23000 

669E+02 23000 

3.iOE+OO 23000 

750E+OO 23000 

1.48E+02 23000 

6.4OE+Oi 23000 

3.05E+02 23000 

9.48E+04 23000 

1.24E+03 23000 

7.90E-01 23000 

1.43E-r02 23000 

1.62E+02 23000 

0.01 l 0.3 250 25 

0.23 ** 0.3 250 25 

0.37 l *  0.3 250 25 

0.001 l * *  0.3 250 25 

0.001 l * *  0.3 250 25 

0.001 l *a 0.3 250 25 

0.001 l * *  0.3 250 25 

0.001 ***  0.3 250 25 

0.001 ***  0.3 250 25 

0.001 l * *  0.3 250 25 

0.001 ***  0.3 250 25 

0.001 l * *  0.3 250 25 

0.001 ***  0.3 250 25 

0.001 l * *  0.3 250 25 

0.001 *‘* 0.3 250 25 

0.001 l * *  0.3 250 25 

iE-06 

lE-06 

lE-06 

IE-06 

1E-06 

lE-06 

iE-06 

lE-06 

iE-06 

IE-06 

lE-06 

iE-06 

iE-06 

IE-06 

iE-06 

lE-06 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

70 

ZiIlC 3.60E+03 23000 0.0006 l 0.3 250 25 1E-06 70 .---. --.. ~~--.-..--.-~- 

IOIAI 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 

9125 25550 _---.- 

2.46E-05 

1.55E-04 

250E-04 

1.64E-02 

527E-06 

1.5tE-04 

6.96E-07 

l.GSE-06 

3.33E-05 

1.44E-05 

6.66E-05 

2.13E-02 

2.79E-04 

1.76E-07 

3.22E-05 

3.65E-05 

5.13E-04 

8.64E-06 9.00E-03 -- 2.75E-03 - 

5.55E-05 6.00E-03 l.iOE-02 2.59E-02 6.10E-07 

692E-05 i.OOE-02 5.20E-02 2.50E-02 4.64E-06 

6.57E-03 2.9UE+OO -- 6.35E-03 - 

l.txtE-06 3.OOE-04 1.75E+OO t.76E-02 3.29E-06 

5.36E-05 7.00E-02 -- 2.15E-03 - 

2.49E-07 5.00E-03 4.30E+OO 1.49E-04 l.O7E-06 

6.03E-07 5.00E-04 -- 3.36.E-03 - 

1.19E-05 5.00E-03 - - 6.66E-03 - 

5.14E-06 6.06E-02 -- 2.40E-04 - 

2.45E-05 3.71E-02 -- 1.65E-03 - 

7.62E-03 3.00E-01 -- 7.11E-02 - 

9.97E-05 5.00E-03 -- 5.58E-02 - 

6.35E-06 3.00E-04 -- 5.93E-04 - 
l.t5E-05 2.00E-02 - - 1.6iE-03 - 

1.30E-05 7.00E-03 -- 5.2iE-03 - 

i.63E-04 3.00E-01 -- i.7iE-03 - 

1.21% 

11.35% 

10.96% 

2.76% 

7.70% 

0.94% 

0.06% 

1.40% 

2.92% 

0.11% 

0.61% 

31.19% 

24.40% 

0.26% 

0.71% 

2.26% 

0.75% 

0.00% 

6.35% 

46.26% 

0.00% 

34.24% 

0.00% 

11.15% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 



SUMMARY OF CHRONtC DAILY INTAKE (CDI) AND POTENTtAL NONCARCINOGENIC 

AND CARCtNOGENlC RtSKFfUlM INGESTtON OF SURACE WATER 

SITE 12 

FUTURE SCENAFllO 

SUFACE WATER - INGESTtON 

RESIDENT CHIUJ 

CHEMICAL 

cw CR EF ED CF BW ATnc ATc CDtnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

WA Ud dr/ Y  mglug kg d d mglkgld mg/kg/d mgfigld (mg/kg/d)- 1 NC RISK CARC RtSK 

1,2-Dichloroelhene 

Trichloroethene 

Tetrachloroelhene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

l.lOE+Ol 

3.00E+OO 

3.00E+OO 

U.lUE IO4 

2.34E+Ol 

669E+02 

3.10E+OO 

7.50E+W 

1.46E+02 

64OE+Ol 

3.05E+02 

9.46E+04 

1.24E+03 

7.!XE-01 

1.43E+02 

1.6ZE+02 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

350 6 lE-03 15 2190 25550 1.41E-03 1.21E-04 

350 6 1E-03 15 2190 25550 3.64E-04 3.29E-05 

350 6 lE-03 15 2190 25550 3.64E-04 3.29E-05 

3!,0 II it!--03 I5 2100 25550 l.O5E-+01 &WE-01 

350 6 lE-03 15 2190 25550 2.99E-03 2.56E-04 

350 6 iE-03 15 2190 25550 6.55E-02 7.33E-03 

350 6 IE-03 15 2190 25550 3.96E-04 3.4OE-05 

350 6 lE-03 15 2190 25550 9.59E-04 6.22E-05 

350 6 lE-03 15 2190 25550 1.69E-02 1.62E-03 

350 6 IE-03 15 2193 25550 6.18E-03 7.01E-04 

350 6 lE-03 15 2190 25550 3.!GUE-02 3.34E-03 

350 6 lE-03 15 2190 25550 1.21 E+Oi l.O4E+OO 

350 6 tE-03 15 2190 25550 1.59E-01 1.36E-02 

350 6 tE-03 15 2190 25550 l.OlE-04 6.66E-06 

350 6 IE-03 15 2190 25550 1.83E-02 1.57E-03 

350 6 lE-03 15 2190 25550 2.07E-02 1.76E-03 

9,00E-03 - - 1.56E-01 -- 0.16% 

6.OOE-03 l.lOE-02 6.39E-02 3.62E-07 0.06% 

1 .OOE-02 5.20E-02 3.64E-02 1.71E-06 0.04% 
2. MIII I 00 3.6lll.I 00 3.0 I’L 

3.00E-04 1.75E+OO 9.97E+00 4.49E-04 9.9u% 

7.00E-02 -- 1.22E+OO -- 1.22% 

5.M)E-03 4.30E+OO 7.93E-02 1.46E-04 0.06% 

5.00E-04 -- 1.92E+OO -- 1.92% 

5.OOE-03 -- 3.76E+OO -- 3.79% 

6.OOE-02 -- 1.36E-01 -- 0.14% 

3.71E-02 -- i.O5E+OO -- 1.05% 
3.00E-01 -- 4.04E+Ol -- 40.42% 

5OOE-03 - - 3.17E+Ol -- 31.72% 

3.00E-04 -- 3.37E-01 -- 0.34% 
2.00E-02 -- 9.14E-01 -- 0.91% 

7.OOE-03 -- 2.96E+OO -- 2.96% 

0.00% 

0.06% 

0.29% 
0.00% 

75.16% 

0.00% 

24.47% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

Zinc 3BOE+03 2 350 6 IE-03 15 2190 25550 4.66E-01 4.16E-02 3.00E-01 -- 1.62E+OO -- 1.62% 0.00% 

TOTAL l.OOE+02 5.97E-04 100.00% 100.00% 



SIJMMAIIY Ol: Cl IIK)NIC IINI Y  INIAKIZ (GUI) ANI) I’OII NIlAl NONCAItCIN(XII NIC 

AND CARUNOGENIC HtSK FtiOM INGESTtON OF SUWACE WATER 

SITE 12 

FUTURE SCENAHO 

SUt’U=ACE WATER - tNGES-tlON 

RESIDENT ADULT 

CHEMlCAL 

cw 

w 

CR EF ED CF BW ATnc ATc CDtnc cm WD CSF HI CR % CONTRIB % CONTRIB 

Ud d/v Y  mglug kg d d mgikgld mglRgld mglkgld (ma/kg/d) - 1 NC RISK CARC RISK 

i,Z-Dichloroethene 

Trichloroethene 

Tetmchloroethene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

MXI~IEX! 

Mercury 

Nickel 

Vanadium 

l.lOE+Ol 

3OOE+00 

3OOE+OO 

6.16E+04 

2.34E+Ol 

6.69E+O2 

3.lOE+OO 

7.50E+OO 

1.46E+02 

6.4OE+ol 

3.05E+02 

9.4AEt 04 

1.24E+03 

7.90E-01 

1.43E+02 

1.62E+02 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

350 30 lE-06 70 

350 30 tE-06 70 

350 30 lE-06 70 

350 30 lE-06 70 

350 30 IE-06 70 

350 30 IE-06 70 

350 30 lE-06 70 

350 30 IE-06 70 

350 30 lE-06 70 

350 30 lE-06 70 

350 30 iE-06 70 

350 30 lE-06 70 

350 30 lE-06 70 

350 30 iE-06 70 

350 30 lE-06 70 

350 30 lE-06 70 

10950 25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

3.0lE-07 1.29E-07 

6.22E-06 3.52E-08 

&22E-06 3.52E-06 

2.24E-03 9.6OE-04 

6.41E-07 2.75E-07 

1.63E-05 7.86E-06 

6.49E-06 3.64E-06 

2.05E-07 &6lE-06 

4.05E-06 1.74E-06 

1.75E-06 7.5lE-07 

&36E-06 3.56E-06 

2.6OE-03 l.llE-03 

3.4OE-05 1.46E-05 

2.16E-Oft 9.26E-09 

392E-06 1.66E-06 

4.44E-06 1.9OE-06 

9.00E-03 -- 3.35E-05 -- 0.16% 

6.00E-03 l.lOE-02 1.37E-05 3.67E-10 0.06% 

l.OOE-02 520E-02 6.22E-06 1.63E-09 0.04% 

2.WE+OO -- 7.73E-04 -- 3.61 % 

3.00E-04 1.75E+OO 2.14E-03 4.6lE-07 9.98% 

7.00E-02 -- 2.62E-04 -- l .22% 

5.00E-03 4.30E+OO 1.70E-05 1.57E-07 0.06% 

5.00E-04 -- 4.1 lE-04 -- 1.92% 

5.00E-03 -- 8.1 lE-04 -- 3.79% 

6.OOE-02 -- 2.92E-05 -- 0.14% 

3.7lE-02 -- 2.25E-04 -- l .05% 
3.OOE-01 - - 6.66E-03 40 43%> 

5.OOE-03 -- 6.79E-03 -- 31.72% 

3.00E-04 - - 7.2lE-05 -- 0.34% 
2.OOE-02 -- 1.96E-04 -- 0.91% 

7.00E-03 -- 6.34E-04 -- 2.96% 

0.00% 

0.06% 

0.29% 

0.00% 

75.16% 

0.00% 

24.47% 

0.00% 

0.00% 

0.00% 

0.00% 

0. flax 

0.00% 

0.00% 

0.00% 

O.M)% 

Zinc 3.60E+03 2 350 30 lE-06 70 10950 25550 l.O4E-04 4.46E-05 3.OOE-01 -- 3.47E-04 -- 1.62% 0.00% - 

TOTAL 2.14E-02 6.4OE-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAtLY INTAKE (CDI) AND WTENTIAL NONCARCINOGENIC 

AND CARCtNOGENlC WSKFRCM DERMALCONTACT WITH SUf+.ACE WATER 

SITE 12 

FUTURE SCENAFIO 

SUEACE WATER - DERMAL 

RESIDENT CHILD 

CHEIWCAL 

cw ~- ii PC ET EF ED .CF .. SW ATnc ATc CDtllC CDlc RtD CSF 

ug/L cm^2 cmhr hr/d d/y y L mg/cm “3 ug kg d d mglkgld mglkgld mglkgld @g/kg/d) - 1 

1,2-Dichloroelhene 

Trichloroethene 

Tetrachloroethene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

l.lOE+Ol 7260 

300E+OO 7260 

3OOE+OO 7280 

&16E+04 7260 

234E+Ol 7260 

6.69E+O2 7260 

3.lOE+OO 7280 

7.50E+OO 7266 

1.46E+O2 7280 

6.4oE+ol 7260 

3.05E+02 7260 

9.46E+04 7260 

1.24E+03 7260 

7.90E-01 7260 

1.43E+02 7280 

1.62E+02 7280 

0.01 l 2.6 

0.23 l *  2.6 

0.37 l *  2.6 

0.001 *** 2.6 

0.001 l ” 2.6 

o.ofl l * *  2.6 

0.001 l ** 2.6 

0.001 l ** 2.6 

0.001 *** 2.6 

0.001 l ** 2.6 

0.001 *** 2.6 

0.001 l * *  2.6 

0.001 *** 2.6 

0.001 l ‘* 2.6 

0.001 l * *  2.6 

0.001 ‘** 2.6 

350 6 lE-06 

350 6 lE-06 

350 6 IE-06 

350 6 lE-06 

350 6 IE-06 

350 6 lE-06 

350 6 lE-06 

350 6 IE-06 

350 6 IE-06 

350 6 lE-06 

350 6 IE-06 

350 6 lE-06 

350 6 IE-06 

350 6 lE-06 

350 6 lE-06 

350 6 lE-06 

15 2190 25550 512E-05 

15 2190 25550 3.2lE-04 

15 2190 25550 5.17E-04 

15 2190 25550 36lE-02 

15 2190 25550 i.O9E-05 

15 2190 25550 3.llE-04 

15 2190 25550 1.44E-06 

15 2190 25550 3.49E-06 

15 2190 25556 6.69E-05 

15 2190 25550 2.96E-05 

15 2190 25550 1.42E-04 

15 2190 25550 4.41E-02 

15 2190 25550 5.77E-04 

15 2190 25550 3.66E-07 

15 2190 25550 6.66E-05 

15 2190 25550 7.54E-05 

4.39E-06 

2.75E-05 

4.43E-05 

3.26E-03 

9.33E-07 

2.67E-05 

1.24E-07 

2QQE-07 

59OE-06 

2.55E-06 

1.22E-05 

3.76E-03 

4.95E-05 

3.15E-06 

5.70E-06 

6.46E-06 

Q.OOE-03 -- 

6.OOE-03 l.lOE-02 

1 .OOE-02 5.20E-02 

29UE+OO -- 

3.OOE-04 1.75E+OO 

7.00E-02 -- 

5.00E-03 4.30E+M) 

5.00E-04 -- 

5.06E-03 - - 

6.00E-02 -- 

3.71E-02 -- 

3.00E-01 -- 

5.00E-03 -- 

3.00E-04 -- 

2.00E-02 -- 

7.00E-03 -- 

Zinc 360E+03 7280 0.0006 ’ 2.6 350 6 lE-06 15 2190 25550 l.O6E-03 Q.lOE-05 - - 300E-01 -- 

TOTAL 

* Chemical specific derrml permeability constant-estimated, USEPA 1992 

l * Chemical specific dermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-default value, USEPA, IQ92 

l *** Chemical spedtic dermal permeability constant (PC) not available. Used water PC, USEPA 1992. 

5.69E-03 - 

5.35E-02 3.03E-07 

5.17E-02 2.30E-06 

1.3lE-02 - 

3.63E-02 1.63E-06 

4.45E-03 - 

2.89E-04 5.32E-07 

696E-03 - 

1.36E-02 - 

4.96E-04 - 

363E-03 - 

1.47E-01 - 

l.l5E-01 - 

1.23E-03 - 

3.33E-03 - 

l.OBE-02 - 

3.54E-03 - 

1.21% 0.00% 

11.35% 6.35% 

10.96% 46.26% 

2.70% 0.00% 

7.70% 34.24% 

0.94% 0.00% 

0.06% 11.15% 

1.46% 0.00% 

2.92% 0.00% 

0.11% 0.00% 

0.81% 0.00% 

31.19% 0.00% 

24.40% 0.00% 

0.26% 0.00% 

0.71% 0.00% 

2.26% 0.00% 

0.75% 0.00% 

HI CR % CONTRIS % CONTRIS 

NC RISK CARC RISK 

4.71E-01 4.77E-06 lOO.W% 1 no. on% 



SUMMARY ff CHRONIC DAlLY INTAKE (CDI) AND POTENTMU NONCARCINOGENIC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SlJM=ACE WATER 

SITE 12 

FUTURE SCENMO 

SUH=ACE WATER - DERMAL 

RESIDENT ADULT 

CHENBCAL 

cw SA PC ET EF ED CF SW ATnc ATc CDlnc CDIC WD CSF HI CR % CONTRIB % CONTRIB 

&a cm^2 cm/hr hrld d/y y Lmglcm”3 ug kg d d mgikgld mglkgld mgkgld (mg/kg/d) - 1 NC RISK CARC RISK 

1.2-Dichloroethene 

Trichloroethene 

Tetrachloroelhene 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

Zinc 

TOTAL 

l.lOE+Ol 23000 

3OOE+OCI 23006 

3OOE+00 23000 

6.16E+04 23000 

2.34E+Ol 23090 

669E+02 23990 

3.lOE+OO 23000 

7.50E+OO 23000 

1.46E+02 23000 

6.4OE+ol 23000 

3,05E+02 23000 

9.48E+04 23000 

1.24E+03 23000 

7.9OE-01 23090 

1.43E+02 23009 

1.62E+O2 23000 

360E+03 23999 

0.01 l 2.6 

0.23 l *  2.6 

0.37 ** 2.6 

0.001 l ** 2.6 

0.001 l ” 2.6 

0.001 l ‘* 2.6 

0.001 l ** 2.6 

0.001 *** 2.6 

0.001 l ** 2.6 

0.001 a** 2.6 

0.001 l * *  2.6 

0.001 *** 2.6 

0.001 l * *  2.6 

0.001 l ** 2.6 

0.001 l ** 2.6 

0.001 l ** 2.6 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

IE-06 70 10950 25550 3.47E-05 1.49E-05 9.00E-03 -- 

lE-06 70 10950 25550 2.17E-04 9.32E-05 6.00E-03 l.lOE-02 

IE-06 70 10950 25550 3.50E-04 1.50E-04 IBOE-92 5.20E-02 

lE-06 70 10950 25550 2.56E-02 t.lOE-02 29OE+OO -- 

IE-06 70 10950 25550 7.37E-06 3.16E-06 3.00E-04 1.75E-+OLl 

IE-06 70 10950 25550 2.1 t E-04 9.03E-05 7.00E-02 -- 

IE-06 70 10950 25550 9.77E-07 4.19E-07 5.00E-03 4.30E+OO 

iE-06 70 10950 25550 2.36E-06 l.OlE-06 !T.OOE-04 -- 

IE-06 70 10950 25550 466E-05 2.00E-05 5.OOE-03 -- 

lE-06 70 10950 25550 2.02E-05 6.64E-06 6.9OE-02 -- 

lE-06 70 10950 25550 9.61 E-05 4.12E-05 3.7lE-02 -- 

lE-06 70 10950 25550 299E-02 1.26E-02 3.OOE-01 -- 

lE-06 70 10959 25550 3.9lE-04 1.67E-04 5.6OE-03 -- 

iE-06 70 10950 25550 2.49E-07 i.O7E-07 3.00E-04 -- 

lE-06 70 19950 25550 4.51E-05 193E-05 2.OOE-02 -- 

IE-06 70 10950 25550 5.lOE-05 2.19E-05 7.00E-03 -- 

3.65E-03 - 1.21% 0.00% 

3.62E-02 1.02E-06 11.35% 6.35% 

3.50E-02 7.79E-06 1096% 46.26% 

6.69E-03 - 2.76% 0.00% 

2.46E-02 5.53E-06 7.70% 34.24% 

3.01E-03 - 0.94% 0.00% 

1.95E-04 1.60E-06 0.06% 11.15% 

4.73E-03 - 1.46% 0.00% 

9.33E-03 - 2.92% 0.00% 

3.36E-04 - 0.11% 0.00% 

2.59E-03 - 0.61% 0.00% 

9.95E-02 - 31.19% 0.00% 

7.6lE-02 - 24.46% 0.00% 

6.30E-04 - 0.26% 0.00% 

2.25E-03 - 0.71% 0.00% 

7.29E-03 - 2.26% O.oQ% 

0.0096 l 2.6 350 30 lE-06 70 10950 25550 7.16E-04 3.06E-04 3.00E-01 -- 2.39E-03 - 0.75% 0.00% 

3.19E-01 1.6lE-05 100.00% 1 00.00% 

l Chemical specific dermal permeability constant-estimated, USEPA 1992 

l * Chemical specific dermal permeability constant-measured, USEPA 1992 

*** Chemical specific dermal permeability constant-default value, USEPA, 1992 

*‘** Chemical specific dermal permeability constant (PC) not available. Used water PC, USEPA 1992. 



; Constituent 

j VOlATlLES 
i Acetone 
I 1,2-Dichloroethene (total) 

1 Trichloroethene 
j Tetrachloroethens 
i Toluene 
I Xylene (total) 

INORGANIC% 
Aluminum 
Arsenic (b] 

CONSTITUENTS DETECTED IN SEDIMENTS 
SlTE 12 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Frequency 
of Detectior 

31 4 
21 4 
21 4 
21 4 
11 4 
11 4 

41 4 
41 4 
41 4 
11 4 
41 4 
41 4 
31 4 
41 4 
41 4 
41 4 
41 4 
41 4 
11 4 
31 4 
41 4 
11 4 
41 4 
41 4 

aj 
2j 
3j 
6j 

a2 j 0.78 NO 
14j 0.07 YES 
ISj 0.058 YES 
15j 0.012 YES 

5j 1.6 YES 

41 16 NO 

1130090 
64Ob 

34QOb 

- 1 E+07 j 
5600 t 

72000 b 
1200b 

3E+O6 I: 72500 b 
1300b 
1300b 
2300b 

1220000 
6700 

63600b 
3700 

29OOb 
45600 b 

1900b 
6100 - 

- 20600 
4aWb 

36000 
129000 
110000 
2E+06 b 
144900 

280 
136OOb 

- 1 E+06 b 
346000 b 

26900 b 

Range of Detected 
Concentrations 

bJg/kg) 

Barium [b] 
Cadmium [b] 
Calcium 
Chromium 
Cobalt [b] 

Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel [b] 
Potassium 
Sodium 

i Vanadium [b] 
I Zinc 383000 

2.30E+07 
3.70E+O2 
550E+OS 
3.90E+O4 

39OE+O4 
4.70E+05 
2,90E+05 

3.90E+04 
2.30E+O3 
1.60E+05 

5.50E+04 
2.30E+06 

YES 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
YES’ 
NO 
YES 
YES 
YES 
NO 
NO 
YES 
YES 

Notes: 
a. Residential Soil Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum where it is obtained from the January 11,1994 RBC Table 
using a target hapvd quotient of 0.1 and a target cancer risk of 1 e-06. 

b. Constituent concentration is tive times greater than the maximum detected in blank (b). 

Residential 
Soil 

Cont. 

kvks) [al 

Concern 

l Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESTION OF SEDIMENT 

SITE 12 

CURRENT SCENARIO 

SEDlMENT - INGESTION 
TRESPASSER CHILD 

CHEMCAL - 

CS 

mglkg 

IR FI EF ED CF t3W ATnc 

mgld dh’ Y kghg kg d 

____- 
ATc CDlnc CDIC WD CSF HI CR % CONTRIB % CONTRIB 

d mglkgld mgikgld mgikgld (mglkgld) - 1 NC RISK CARC RISK 

1,2-Dichloroethene 

Trichloroethene 
Telrachloroethene 

Aluminum 
Arsenic 

Barium 
Cadmium 

Chromium 

Cobalt 
Copper 

Iron 
Manganese 

Mercury 

Nickel 
Vanadium 

Zinc 

TOTAL 

1.4OE-02 100 

l.QOE-02 100 
1.50E-02 100 

l.OOE+04 100 
5.6OE+M) 100 

7.20E+Ol 100 
1.20E+OO 100 

2.06E+oi 100 

4.80E+OO 100 
3.60E+Ol 100 

1.29E+02 100 
1.44E+02 100 

2.80E-01 100 

1.38E+Oi 100 
2.69E+Ol 100 

3.83E+02 100 

1 14 6 IE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 
1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 lE-06 15 

1 14 6 IE-06 15 
1 14 6 lE-06 15 

1 14 6 lE-06 15 

2190 

2190 

2190 
2190 

2190 

2190 
2190 
2190 

2190 

2190 
2190 

2190 

2190 
2190 
2190 

25550 

25550 

25550 

25550 

25550 
25550 
25550 

25550 

25550 
25550 

25550 
25550 

25550 
25550 

358E-09 3.07E-10 

4.86E-09 4.16E-IO 

3.64E-09 3.2QE-IO 
2.56E-03 2.19E-04 

1.43E-06 1.23E-07 

1.84E-05 1.5.3E-06 
3.07E-07 2.63E-06 
5.27E-06 4.52E-07 
1.23E-06 l.O5E-07 

9.21E-06 7.09E-07 
3.30E-05 2.63E-06 

3.60E-05 3.16E-06 

7.16E-06 6.14E-09 
3.53E-06 3.02E-07 
6.86E-06 5.QOE-07 

Q.OOE-03 - - 3.98E-07 -- 

6.COE-03 l.lOE-02 E.lOE-07 4.56E-12 
l.OOE-02 5.20E-02 3.64E-07 1.71E-11 
2.QOE+OO - - 6.62E-04 - - 
3.00E-04 1.75E+OO 4.77E-03 2.15E-07 

7.OOE-02 -- 2.63E-04 -- 
5.OOE-04 -- 6.14E-04 -- 

5.OOE-03 -- l.O5E-03 -- 
6.00E-02 -- 2.05E-05 -- 
3.71E-02 -- 2.48E-04 -- 

3.00E-01 -- l.lOE-04 -- 
5.OOE-03 -- 7.36E-03 -- 

3.00E-04 -- 2.39E-04 -- 
2.00E-02 -- 1.76E-04 -- 
7.OOE-03 -- 9.83E-04 -- 

2190 25550 9.79E-05 &39E-06 3.00E-01 -- 3.26E-04 -- 

0.00% 

0.00% 

0.00% 
5.17% 

27.99% 
1.54% 

3.60% 

6.16% 
0.12% 

1.45% 
0.64% 

43.16% 
1.40% 

1.03% 
5.76% 

1.91% 

1.71E-02 2.15E-07 100.00% 

0.00% 

0.00% 

0.01% 
0.00% 

99.99% 
0.00% 

0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 

0.00% 
0.00% 

0.00% 

100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTtALNONCARClNOGENlC 

AND CAFWNOGENIC FUSKFFKIM INGESTION DF SEDIMENT 

SITE 12 

CURRENT SCENARtO 

SELXMENT - INGESTION 
TRESPASSER ADULT 

CHEMlCAL 

cs 

rwks 

IR FI EF ED CF BW ATnc ATc CDlnc CDlc RfD CSF HI CR % CONTRIB % CONTRIB 

mgld w Y  kglmg kg d d mgikgld mglkgld mgikgld (mg/kg/d)-I NC RISK CARC RISK 

1 ,P-Dichloroethene 

Trichloroethene 

Telrachloroethene 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

Zinc 

1.4OE-02 

l.wE-02 

1.50E-02 

l.OOE+04 

5.6OE+OO 

7.20E+Ol 

1,20E+OO 

2.06E+Ol 

4.80E+W 

3.60E+Ol 

1.29E+02 

1.44E+02 

2.80E-01 

1.38E+Oi 

2.69E+Ol 

3.83E+02 

50 1 28 30 IE-06 70 

50 1 28 30 lE-06 70 

50 1 26 30 iE-06 70 

50 1 28 30 IE-08 70 

50 1 28 30 IE-06 70 

50 1 28 30 iE-06 70 

50 1 28 30 IE-06 70 

50 1 28 30 IE-06 70 

50 1 28 30 lE-06 70 

50 1 28 30 lE-06 70 

50 1 28 30 lE-06 70 

50 1 28 30 IE-06 70 

50 1 28 30 lE-06 70 

50 1 28 30 IE-06 70 

50 1 28 30 lE-06 70 

50 1 28 30 lE-06 70 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

25550 7.67E-10 3.29E-10 

25550 l.O4E-09 4.46E-10 

25550 8.22E- 10 3.52E-10 

25550 5.48E-04 2.35E-04 

25550 3.07E-07 1.32E-07 

25550 3.95E-06 l.&QE-06 

25550 6.58E-08 2.82E-08 

25550 i.l3E-06 4.84E-07 

25550 2.63E-07 l.l3E-07 

25550 l.Q7E-06 &45E-07 

25550 7.07E-06 3.03E-06 

25550 7BQE-06 3.38E-06 

25550 1.53E-08 6.58E-09 

25550 7.56E-07 3.24E-07 

25550 i .47E-06 6.32E-07 

25550 2.10E-05 &QQE-06 

Q.OOE-03 -- 8.52E-08 -- 0.00% 

B.OOE-03 l.lOE-02 1.74E-07 4.9lE-12 0.00% 

1.00E-02 5.20E-02 BZE-08 1.83E-11 0.00% 
P.QOEi-00 - - 1.89E-04 - __ 5.17% 

3.00E-04 1.75E+OO l.O2E-03 2.30E-07 27.99% 

7.00E-02 -- 564E-05 -- 1.54% 

5.OOE-04 -- 1.32E-04 -- 3.60% 

5.00E-03 -- 2.26E-04 -- 6.18% 

6.OOE-02 -- 4.38E-06 -- 0.12% 

3.7lE-02 -- 5.32E-05 -- l .45% 

3.00E-01 -- 2.36E-05 -- 0.64% 

5.00E-03 -- 1.58E-03 -- 43.10% 

3.00E-04 -- 5.ilE-05 -- 1.40% 

2.OOE-02 -- 3.78E-05 -- 1.03% 

7.00E-03 -- 2.iiE-04 -- 5.76% 

3.00E-01 - - 7.00E-05 -- 1.91% 

0.00% 

0.00% 

0.01% 

0.00% 

99.99% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

O.oQ% 

0.00% 

0.00% 

0.00% 

TOTAL 3.65E-03 2.30E-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POlENTlAL NONCARCINDGENIC 

AND CARCINOGENIC RISK FROM INGESTION CF SEDIMENT 

SITE 12 

CURRENT SCENARIO 

SEDIMENT - INGESTION 

WORKER ADULT 

CHEMlCAL 

cs 

w#s 

IR FI EF ED CF BW ATnc 

mg/d drV Y  kglmg kg d 

ATc CDlnc CDIC RfD CSF HI CR % CONTRIS % CONTRIB 

d mglkgld mglkgld mglkgld (mglkgld) - 1 NC RISK CARC RISK 

1,2-Dichloroethene 1.40E-02 50 

Trichloroelhene l.wE-02 50 

Tetrachloroethene 1.50E-02 50 

Aluminum l.OOE+04 50 

Arsenic 5.6OE+OO 50 

Barium 7.20E+Ol 50 

Cadmium 1.20E+OO 50 

Chromium 2.06E+Oi 50 

CoLull 4.00E loo 50 

copper 3.6OE+Ol 50 

Iron 129E+02 50 

Manganese 1.44E+02 50 

Mercury 2.60E-01 50 

Nickel 1.36E+Ol 50 

Vanadium 2.6QE+Oi 50 

Zinc 3.63E+02 50 

1 250 25 lE-06 70 

1 250 25 lE-06 70 

1 250 25 lE-08 70 

1 250 25 IE-06 70 

1 250 25 lE-06 70 

1 250 25 lE-06 70 

1 250 25 lE-06 70 

1 250 25 lE-06 70 

I 250 25 iE-06 70 

1 250 25 IE-06 70 

1 250 25 lE-06 70 

1 250 25 IE-06 70 

1 250 25 lE-06 70 

1 250 25 iE-06 70 

1 250 25 lE-06 70 

1 250 25 lE-06 70 

9125 

9125 

9125 

9125 

9125 

9125 

9125 

9125 

9!25 

9125 

9125 

9125 

9125 

9125 

9125 

9125 

25550 6.65E-09 

25550 9.30E-09 

25550 7.34E-09 

25550 4.89E-03 

25550 2.74E-06 

25550 3.52E-05 

25550 5.67E-07 

25550 l.OlE-05 

’ 25550 2.35E-06 

25550 i.76E-05 

25550 6.31E-05 

25550 7.05E-05 

25550 1.37E-07 

25550 6.75E-06 

25550 1.32E-05 

25550 i.67E-04 

2.45E-09 Q.OOE-03 - - 

3.32E-09 B.OOE-03 l.lOE-02 

2.62E-09 1 .M1E-02 5.20E-02 

1.75E-03 2.90E+OO -- 

9.78E-07 3.OOE-04 1.75E+OO 

1.26E-05 7.00E-02 - - 

2.10E-07 5.00E-04 -- 

3.6OE-06 5.COE-03 - - 

&39E-07 6.COE-02 --- 

6.29E-06 3.7lE-02 -- 

2.25E-05 3.00E--01 - - 

2.52E-05 5.OOE-03 -- 

4.69E-06 3.OOE-04 -- 

2.4lE-06 2.OOE-02 -- 

4.70E-06 7.00E-03 -- 

6.69E-05 3.OOE-01 -- 6.25E-04 -- 1.91% 0.00% 

TOTAL 3.26E-02 1.71 E-06 100.00% 100.00% 

7.61E-07 -- 0.00% 

1.55E-06 3.65E- 11 0.00% 

7.34E-07 1.36E-10 0.00% 

1.69E-03 -- 5.17% 

Q.l3E-03 1.71 E-06 27.99% 

503E-04 -- 1.54% 

l.l7E-03 -- 3.60% 

2.02E-03 -- 6.16% 

3.91E-05 .-- 0.12% 

4.75E-04 - - 1.45% 

2.10E-04 ---. 0. ti4X 

1.4iE-02 -- 43.16% 

4.57E-04 -- 1.40% 

3.36E-04 -- 1.03% 

1.66E-03 -- 5.76% 

0.00% 

0.00% 

0.01% 

0.00% 

99.99% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00X 

0.00% 

0.00% 

0.00% 

0.00% 



SUMMARY CF CHRONIC DAlLY INTAKE (CDI) AND WTENTJAL NONCARClNOGENlC 

AND CARCJNOGENIC TUSK FROM OERMAL CONTACT WITH SEDIMENT 

SITE 12 

CtJl111I.NT SCENAJIO 

SEDIMENT - DERMAL 

TRESPASSED Cl IILD 

CHEMtCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC WD CSF HI CR % CONTRIB % CONTRIB 

mglkg cmA2 mglcm^2 dlY Y kglmg kg d d mgikgld mglkgid mglkgld (mglkgld)- 1 NC RISK CABC RISK 

1,2-Dichloroethene 

Trichloroethene 

Tetmchloroethene 
Aluminum 

Arsenic 

Barium 
Cadmium 

Chromium 

Cobalt 
Copper 

Iron 
Manganese 

Mercury 

Nickel 
Vanadium 

Zinc 

TOTAI 

t .4OE-02 1620 1 0.01 14 6 

l.wE-02 1620 1 0.01 14 6 
1.50E-02 1820 1 0.01 14 6 

1 .OOE+04 1620 1 0.001 14 6 

5.6OE+OO 1620 1 0.001 14 6 

72UE+Ol 1620 1 0.001 14 6 
1.20E+oo 1620 1 0.001 14 6 

2.06E+Oi 1620 1 0.001 14 6 

460E+OO 1820 1 0.001 14 6 
3.66E+Ol 1620 1 0.001 14 6 

1.29E+02 1620 1 0.001 14 6 

1.44E+02 1620 1 0.001 14 6 
2.6OE-01 1620 1 0.001 14 6 

1.36E+Ol 1620 1 0.001 14 6 
26QE+o1 1620 1 0.001 14 6 

3.63E+02 1620 1 0.001 14 6 

lE-06 15 2190 25550 
lE-06 15 2190 25550 
lE-06 15 2190 25550 
IE-06 15 2190 25550 

iE-06 15 2190 25550 
IE-06 15 2190 25550 
IE-06 15 2190 25550 
1E-06 15 2190 25550 
lE-06 15 2190 25550 
iE-06 15 2190 25556 
tE-06 15 2190 25550 
iE-06 15 2190 25550 

lE-06 15 2190 25550 
lE-06 15 2190 25550 
lE-06 15 2190 25550 

IE-06 15 2190 25550 -_--____---_ 

652E-10 

864E-10 

6.Q5E-10 
4.65E-05 

2.6tE-06 

3.35E-07 
5.56E-09 

9.5QE-06 

2.23E-06 
1.66E-07 

6.OOE-07 
6.70E-07 

1.30E-09 

6.42E-06 
1.25E-07 

t.76E-06 _---.---.-- 

5.58E-11 

7.58E- 11 

5.Q6E-11 
3QQE-06 

2.23E-09 

267E-06 
4.79E-10 

&22E-09 

i.QiE-09 
1.44E-06 

5.15E-06 
574E-06 

l.l2E-10 

550E-09 
l.O7E-06 

1.53E-07 

Q.OOE-03 -- 

6.00E-03 l.lOE-02 
l.OOE-02 5.20E-02 
2QOE+Orl-- 

3.OOE-04 1.75E+O6 

7.00E-02 -- 
5.00E-04 -- 

5.00E-03 -- 

6.00E-02 -- 
3.71E-02 -- 

3.00E-01 -- 
5.00E-03 -- 

3.WE-04 -- 

2.00E-02 -- 
7.00E-03 -- 

3.06E-Ol-- 

7.24E-08 - 

1.47E-07 634E-13 

6.Q6E-06 3.1iE-12 
1.6OE-05 - 
6.69E-05 3.9lE-09 

4.79E-06 - 
l.t2E-05 - 

l.Q2E-05 - 

3.72E-07 - 
4.52E-06 - 

2.00E-06 - 

1.34E-04 - 

4.34E-06 - 
3.2lE-06 - 

1.7QE-05 - 
5Q4E-06 - 

xllt-.-04 3.QlE -.OQ 

0.02% 

0.05% 

0.02% 
5.17% 

27.97% 

1.54% 
3.60% 

6.17% 

0.12% 
1.45% 

0.64% 

43.15% 

1.40% 
1.03% 

5.76% 

1.91% -_ -.- 

1 On.nn% 

0.00% 

0.02% 

0.06% 
0.00% 

99.90% 

0.00% 

0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 
0.00% 

0.00% 

0.00% _ - .-.-- 

inn.nrrx, 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 
AND CAHCtNDGENtC FUSK FROM DERMAL CONTACT WITH SEDIMENT 

SITE 12 

CUARENT SCENAJUO 

SELXMENT - DERMAL 
TRESPASSER ADULT 

CHEMCAL 

cs 

msks 

SA Al= ABS EF ED CF BW ATnc ATc CDInc CDIC FtID CSF HI CR % CONTRIE % CONTRB 
cm*2 mg/cm^2 dly Y kg/mg kg d d mglkgld mglkgld mglkgld (mglkg/d)- 1 NC RISK CARC RISK 

1.2-Dichloroethene 

Trichloroethene 

Tetrachloroethene 
Aluminum 

Arsenic 

Barium 
Cadmium 

Chromium 
Cotalt 
Copper 

Iron 

Manganese 
Mercury 

Nickel 
Vanadium 

1.4OE-02 

IQOE-02 
1.50E-02 

l.OOEt04 
56OE+OO 

7.20E+Ol 

1.20E+O6 
2.06E+Ol 

460E+OO 
36OE+Ol 

1.29E+02 
1.44E+02 

26OE-01 
1.36E+Ol 

26QEtOt 

5600 1 0.01 20 30 

5800 I 0.01 26 30 

5000 1 0.01 26 30 
5000 1 0.001 20 30 

5ocnl I 0.001 26 30 

5606 1 O.OOI 28 30 

5800 I 0.001 26 30 

5800 I O.OOI 28 30 
5600 1 0.001 26 30 

5600 1 0.061 26 30 

5600 1 0.001 28 30 

5600 1 0.001 26 30 
5600 1 0.001 26 30 

5600 1 0.001 26 30 

56c6 I 0.001 26 30 

lE-06 70 10950 25550 

IE-66 70 10950 25550 

IE-06 70 10950 25556 
IF-06 70 10950 25550 

lE-06 70 10950 25550 

lE-06 70 10950 25550 
IE-06 70 10950 25550 

lE-06 70 10950 25550 
lE-06 70 10950 25550 

lE-06 70 10950 25550 
IE-06 70 10950 25550 

IE-06 70 10950 25550 
lE-06 70 10950 25550 

IE-06 70 10950 25556 

IE-06 70 10950 25550 

6QOE-10 361E-10 

1.2IE-09 5.16E-IO 

9.53E-10 4.OQE-10 
636E-05 2.72G05 

3.56E-08 1.53E-06 

4.56E-07 I.Q6E-07 
7.63E-OQ 3.27E-09 

1.31E-07 5.61E-06 
3.05E-08 IJIE-06 

2.29E-07 Q.EiE-06 
620E-07 3.5lE-07 

Q.l5E-07 3.Q2E-07 
1.76E-09 7,63E-10 

&77E-06 3.76E-06 

1.71E-07 7.33E-06 

Zinc 363E+02 5600 1 0.001 26 30 IE-06 70 10950 25550 2.43E-06 I.O4E-06 

Q.OOE-03 -- 

6.OOE-03 l.IOE-02 
l.OOE-02 5.20E-02 
2.alE + 00 .-’ ... 

3.OOE-04 1.75E+OO 

7.00E-02 -- 
5.OOE-04 -- 

5.OOE-03 -- 
6.00E-02 -- 

3.71E-02 -- 
3.00E-01 -- 

5.00E-03 -- 
3.00E-04 -- 

2.00E-02 -- 

7.OOE-03 -- 

3.OOE-01 -- 

Q.EIQE-06 - 

2.0IE-07 5.6QE-12 
9.53E-06 2.I2E-II 
P.loE~-OS 

l.lQE-04 2.67E-06 

6.54E-06 - 
1.53E-05 - 

2.62E-05 - 
5.06E-07 - 

6.17E-06 - 

2.73E-06 - 
163E-04 - 
5.Q3E-06 - 

4.39E-06 - 

2.44E-05 - 

E.IIE-06 - 

TOTAL 4.24E-04 2.67E-06 

0.02% 

0.05% 

0.02% 
5. II% 

27.97% 

1.54% 
3.66% 

6.17% 
0.12% 
1.45% 

0.64% 

4315% 
1.40% 

I .03% 
5.76% 

1.91% 

100.00% 

0.00% 

0.02% 

0.08% 
0.00% 

9990% 

0.00% 
0.00% 

0.00% 
0.00% 
0.00% 

0.00% 
0.00% 

0.00% 
0.00% 

0.00% 

0.00% 

100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND ~‘OTENT~ALNONCARCINOGENIC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SEDIMENT 
, SITE 12 

CURRENT SCENARIO 

SEIJMENT - DERMAL 
WORKER ADULT 

cs SA AF ABS EF ED CF BW ATnc ATc CDlrlC CDIC WD CSF HI CR % CONTRIS % CONTRB 

CHEMCAL msks cm-2 mg/cm A2 % Y kg/m9 kg d d mgikgtd wlkgld mglkgld (mg/kg/d) - 1 NC RISK CAAC RISK 

1,2-Dichloroethene 

Trichloroethene 

Tetmchloroethene 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

COtraIl 

Copper 

Iron 
Manganese 

Mercury 

Nickel 

Vanadium 

Zinc 

1.46E-02 5600 1 0.01 250 25 

i.90E-02 5660 1 0.01 250 25 

1.56E-02 5600 1 0.01 250 25 

i.OOEt04 5mo 1 0.001 250 25 

56OE+OO 5600 1 0.001 256 25 

7.20EtOi 5800 1 0.001 250 25 

1.20E+OO 58uO 1 0.001 250 25 

206E+oi 5600 1 0.001 250 25 

4 OOE+OO 5800 1 0.001 250 25 

360E+Ol 5800 1 0.001 250 25 

I 29I. 10% !>MKl 1 0ouI 2!Jo 25 

1.44E+02 5600 1 0.001 250 25 

2.6OE-01 5600 1 0.001 250 25 

136E+Oi 5600 1 0.001 250 25 

269E+Oi 5800 1 0.001 250 25 

3.63E+02 5600 1 0.001 250 25 

IE-06 70 

IE-06 70 

1E-06 70 

IE-06 70 

lE-06 70 

IE-06 70 

lE-06 70 

lE-06 70 

IE-06 70 

IE-06 70 

111 ou 10 

lE-06 70 

iE-06 70 

iE-06 70 

lE-06 70 

IE-06 70 -~ 

9125 25550 7.95E-09 

9125 25556 l.O6E-06 

9125 25550 8.5iE-09 

9125 25550 5.63E-04 

9125 25550 3.18E-07 

9125 25550 4.09E-96 

9125 25550 6.6lE-08 

9125 25550 i.l7E-06 

9125 25550 2.72E-07 

9125 25550 2.04E-06 

9125 25550 7 32lI II0 
9125 25550 617E-06 

9125 25550 1.59E-06 

9125 25550 7.03E-07 

9125 25550 1.53E-06 

9125 25550 2.17E-05 

2.64E-09 9.00E-03 -- 

3.65E-09 6.00E-03 l.lOE-02 

3.04E-09 l.OOE-02 5.20E-02 

2.03E-04 2,90E+OO -- 

l.l4E-07 3.OOE-04 1.75E+OO 

1.46E-06 7.9OE-02 -- 

2.43E-06 5.00E-04 -- 

4.16E-07 5.00E-03 -- 

9.73E-06 6.06E-02 - - 

7.30E-07 3.71E-02 -- 

au1 c 00 3.lllll. 01 

2.92E-06 5.00E -03 - - 

5.68E-09 3.00E-04 -- 

2.60E-07 2.00E-02 - - 

5.45E-07 7.OOE-03 - - 

7.76E-06 3.6OE-01 -- 

8.63E-07 

l.EOE-06 

6.5lE-07 

1.96E-04 

l.O6E-03 

584E-05 

1.36E-04 

2.34E-04 

4.54E-06 

5.5iE-05 

2 441. (I !> 

1.63E-03 

5.30E-05 

3.92E-05 

2.16E-04 

7.25E-05 

0.02% 

4.24E-11 0.05% 

1.56E-10 0.02% 

5.17% 

199E-07 27.97% 

1.54% 
- 3.60% 
- 6.17% 

0.12% 

1.45% 

0 lM’%, 

43.15% 

1.40% 

1.03% 

5.76% 

1.91% 

0.00% 

0.02% 

0.08% 

0.00% 

09.90% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0 UO’X 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

TOTAL 3.79E-03 1 BE-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTtAL NONCARCINOGENIC 

AND CARCtNOGENlC FUSKFFiDM INGESTtON OF SEDIMENT 

SITE 12 

I-lJ1lJIiE SCENAHIO 

SEDtMENT - INQESlION 
RESIDENT CHILD 

CHEMCAL 

cs 

ma/lcs 

IR FI EF ED CF BW ATnc ATc CDlnc ccic tifD CSF HI CR % CONTRIB % CONTRIE 

mgld dEy Y kglmg kg d d mglkgld mglkgld mglkgld (mgikgldl- 1 NC RISK CARC RISK 

1.2-Dichloroethene 

Trichloroethene 

Telrachloroelhene 
Aluminum 

Arsenic 

Barium 

Cadmium 
Chromium 

Cobalt 
Copper 

Iron 
Manganese 

Mercury 
Nickel 

Vanadium 

Zinc 

r0Tt-d 1.711--02 2.1SE-01 

1.4OE-02 

1.9OE-02 
1.50E-02 

l.OOE+04 

5.60E+OG 
7.20E+Ol 

1.20E+OO 

2.06E+Ol 
4.80E+OO 

MOE+01 

1.29E+02 
l/ME+02 

2.80E-01 
1.38E+Oi 
2.69E+Ol 

383E+02 

100 1 14 
100 1 14 

100 1 14 
100 1 14 

100 1 14 
100 1 14 

100 1 14 

100 1 14 
100 1 14 
loo 1 14 
103 1 14 

100 1 14 
100 1 14 
100 1 14 
loo 1 14 

100 1 14 

6 
6 

6 
6 

6 

6 

6 

6 
6 
6 

6 

6 
6 

6 
6 

6 -- 

lE-06 15 2190 25550 
IE-06 15 2190 25550 

lE-06 15 2190 25550 
IE-06 15 2190 25550 

iE-06 15 2190 25550 

IE-06 (5 21w) 25550 

IE-06 15 2190 25550 

lE-06 15 2190 25550 

lE-06 15 2190 25550 
IE-06 15 2190 25550 

IE-06 15 2190 25550 

IE-06 15 2190 25550 
lE-06 15 2190 25550 

lE-06 15 2190 25550 
IE-06 15 2190 25550 

IE-06 15 2190 25550 

3.56E-09 
4.66E-09 

3.64E-09 
2.56E-03 

1.43E-06 

1.84E-05 

3.07E-07 
5.27E-06 

1.23E-06 
9.21E-06 

3.30E-05 

3.68E-05 
7.16E-06 

3.53E-06 
6.88E-06 

9.79E-05 ---__--.-.. 

3.07E-10 9.00E-03 - - 3.98E-07 -- 
4.16E-10 6.00E-03 l.lOE-02 8.10E-07 4.58E-12 
3.29E-10 1 .OOE-02 5.20E-02 3.84E-07 1.71E-11 
2.19E-04 2.90E+OO -- 8.82E-04 -- 

1.23E-07 XOOE-04 1.75E+OO 4.77E-03 2.15E-07 
1.58E-06 7.OOE-02 - - 2.63E-04 -- 

2.63E-08 5.OOE-04 -- 6.14E-04 -- 
4.52E-07 5.00E-03 -- 1.05E-03 -- 
l.O5E-07 6.CMJE-02 -- 2.05E-05 -- 
7.89E-07 3.71E-02 -- 2.48E-04 -- 
2.83E-06 XOOE-01 -- l.lOE-04 -- 
3.16E-08 5.00E-03 -- 7.36E-03 -- 
6.14E-09 3.OOE-04 -- 2.39E-04 -- 

3.02E-07 2.OOE-02 - - 1.76E-04 -- 
5.9OE-07 7.00E-03 -- 9.63E-04 -- 

8.39E-06 3.00E-01 -- 3.26E-04 -- 

0.00% 0.00% 
0.00% 0.00% 
0.00% 0.01% 
5.17% 0.00% 

27.99% Q9.Qm 
1.54% 0.00% 
3.60% 0.00% 

6.18% 0.00% 
0.12% 0.00% 
1.45% 0.00% 

0.64% 0.00% 
43.18% 0.00% 

1.40% 0.00% 
1.03% 0.00% 

5.76% 0.00% 

1.91% 0.00% 

IOU W’k lOO.UO’% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CAACINOGENIC FttSKFRDM INGESTtON OF SEDIMENT 

SITE 12 

FUTURE SCENAFUO 

SEDlMENT - INGESTlON 

RESIDENT ADULT 

CHEMCAL 

cs 

mglkg 

IR FI EF ED CF l3W ATnc ATc CDtnc cm RfD CSF HI CR % CONTRIB % CONTRIS 

mgld W Y  kglmg kg d d mg/kg/d mgikgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

1,2-Dichloroethene 

Trichlorouthono 

Tetrachloroetheno 

Aluminum 

Arsenic 

Barium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Manganese 

Mercury 

Nickel 

Vanadium 

1.40E-02 

1 QOE--02 

1.50E--02 

l.OOE+04 

5.6OE+OO 

7.20E+Ol 

1,20E+OO 

2.06E+Ol 

4.80E+OO 

3.60E+Ol 

1.29E+02 

1.44E+02 

2.00E-01 

1.36E+Ol 

2.6QE+Ol 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

1 20 30 IE-06 70 

t 20 30 lE-06 70 

1 20 30 (E-06 70 

1 20 30 lE-06 70 

1 20 30 lE-06 70 

1 20 30 lE-06 70 

t 20 30 IE-06 70 

1 20 30 IE-06 70 

1 20 30 IE-06 70 

1 20 30 IE-06 70 

1 20 30 lE-06 70 

1 20 30 lE-06 70 

1 20 30 lE-06 70 

1 20 30 lE-06 70 

1 20 30 lE-06 70 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

10950 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

25550 

7.67E-10 3.29E-10 9.00E-03 -- 

l.O4E--09 4.46E-10 B.OOE- 03 I. 101: 02 

0.22E-10 3.52E-10 l.OO-02 5.20E-02 

5.40E-04 2.35E-04 2.9OE+CG - - 

3.07E-07 1.32E-07 3.OOE-04 1.75E+OO 

3.95E-06 1.&9E-06 7.00E-02 -- 

6.50E-00 2.02E-00 5.00E-04 -- 

l.l3E-06 4.04E-07 50OE-03 - - 

2.63E-07 l.i3E-07 6.COE-02 -- 

1.97E-06 0.45E-07 3.7lE-02 -- 

7.07E-06 3.03E-06 3.00E-01 -- 

7.09E-06 3.30E-06 5.00E-03 -- 

1.53E-00 6.50E-09 3.00E-04 -- 

7.56E-07 3.24E-07 2.OOE-02 -- 

1.47E-06 6.32E-07 7.00E-03 -- 

6.52E-00 -- 

1.74E--07 4.011- 1’) 

0.22E-00 1.03E-11 

1.09E-04 -- 

l .O2E-03 2.30E-07 

5.64E-05 -- 

1.32E-04 -- 

2.26E-04 -- 

4.30E-06 -- 

532E-05 -- 

2.36E-05 -- 

1.50E-03 -- 

5.llE-05 -- 

3.70E-05 -- 

2.llE-04 -- 

0.00% 

0.00% 

0.00% 

5.17% 

27.99% 

1.54% 

3.60% 

6.10% 

0.12% 

1.45% 

0.64% 

43.10% 

1.40% 

1.03% 

5.76% 

0.00% 

0 no% 

0.01% 

0.00% 

99.99% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

Zinc 3.03E+02 50 f 20 30 lE-06 70 10950 25550 2.iOE-05 0.QQE-06 3.00E-01 -- 7.OOE-05 -- 1.91% 0.00% 

TOTAL 3.65E-03 2.30E-07 lOO.OO% 100.00% 



SUMMARY CJF CHRONIC DAtLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARClNOGENtC RtSK FROM DERMAL CONTACT WITH SEDIMENT 

SITE 12 

FUTURE SCENAFIO 

SEDIMENT - DEFtMAL 

RESIDENT CHILD 

CHEMCAL 

CS SA At= ASS EF ED CF BW ATnc ATc CDtnc CDk RID CSF HI CR % CONTRIB % CONTRIS 

mglkg cm*2 mglcmA2 d/y Y kg/mg kg d d mglkgld mgikgld w&I/d (mg/kg/d)- 1 NC RISK CARC RISK 

1 ,P-Dichloroethene 

Trichloroethene 
Tetrachloroethene 

Aluminum 

Arsenic 

Barium 
Cadmium 

Chromium 

Cobalt 
Copper 
Iron 

Manganese 
Mercury 

Nickel 
Vanadium 

1.4OE-02 

l.QOE-02 
1.50E-02 

l.OOE+04 

56OE+OO 

7.20E+Oi 
1.20E+OO 

2.06E+Ol 

4.60E+OO 
3.6OE+Ol 
1 2OE 102 

1.44E+02 
2.60E-01 

1.36E+Ol 
2.69E+Ol 

1820 1 0.01 14 6 

1620 1 0.01 14 6 

1620 1 0.01 14 6 

1620 1 0.001 14 6 

1620 1 0.001 14 6 

1820 1 0.001 14 6 

1820 1 0.001 14 6 

1620 1 0.001 14 6 

1620 1 0.001 14 6 

1620 1 0.001 14 6 

IWJ I u.00 I 14 u 

1620 1 0.w 14 6 

1620 1 0.001 14 6 

1620 1 O.OQi 14 6 

1620 1 0.001 14 6 

IE-06 15 

lE-06 15 

lE-06 15 

lE-06 15 
lE-06 15 

lE-06 15 
IE-06 15 

lE-06 15 
IE-06 15 

lE-06 15 
11; -00 15 
lE-06 15 

iE-06 15 

IE-06 15 
lE-06 15 

2190 25550 6.52E-10 

2190 25550 6.84E-10 

2190 25550 6.QaE-10 

2190 25550 4.65E-05 

2190 25550 2.61E-06 

2190 25550 3.35E-07 
2190 25550 5.56E-09 

2190 25550 9.59E-06 

2190 25550 2.23E-06 

2180 25550 1.66E-07 
2192 25550 UOOE-01 

2190 25550 6.70E-07 

2190 25550 1.30E-09 

2190 25550 6.42E-08 
2190 25550 1.25E-07 

5,56E-11 

7.-E-1 1 

5.96E-11 

3.Q9E-06 

2.23E-09 

2.67E-06 
4.79E-10 
&22E-09 

l.QlE-09 

1.44E-06 
5.1s. 06 
5.74E-08 

1.12E-10 

5.50E-09 
1.07E-06 

Q.OOE-03 -- 
6.OOE-03 l.lOE-02 
l.OOE-02 5.20E-02 

2.QOE+OO -- 

ZOOE-04 1.75E+OO 

7.OOE-02 -- 
5.M)E-04 -- 

5.00E-03 -- 
6.00E-02 - - 

3.71E-02-- 
3.001; 01 --.-. 

5.00E-03 - - 
3.00E-04 -- 

2.00E-02 -- 
7.OOE-03 -- 

7.24E-08 - 

1.47E-07 &34E-13 

6.9BE-06 3.llE-12 
1.6OE-05 - 

6.69E-05 3.91E-09 

4.79E-06 - 
l.l2E-05 - 

l.Q2E-05 - 

3.72E-07 - 
4.52E-06 -- 
2.OOL~ 00 

1.34E-04 - 

4.34E-06 - 
3.21E-06 - 
1.79E-05 - 

0.02% 0.00% 

0.05% 0.02% 

0.02% 0.06% 

5.17% 0.00% 

27.97% 99.90% 
1.54% 0.00% 
3.69% 0.00% 

6.17% 0.00% 
0.12% 0.00% 

1 45% 0.00% 
0 cl% 0. OU% 

43.15% 0.00% 
1.40% 0.03% 

1.03% 0.00%. 
5.76% 0.00% 

Zinc 3.63E+02 1620 1 0.001 14 6 IE-06 15 2190 25550 1.76E-06 1.53E-07 3.00E-01 -- 5.94E-06 - 1.91% 0.00% 

TOTAL 3.11E-04 3.91E-09 100.00% 100.00% 



SUMMARY Cf= CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 
AND CARCINOGEMC RISK FROM DERMAL CONTACT WITH SEDIMENT 

SITE 12 

FlJTlJIlE SCENAIUO 
SEDIMENT - DEFiMAL 

RESIDENT ADULT 

CHEMlCAL 

cs 

w/kc4 

SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC AD CSF HI CR % CONTRIB % CONTRIB 
cmA2 mg/cm^2 W Y kglmg kg d d mglkgld mglkgld mglkgld OwlWd)- f NC FttSK CARC RISK 

1 ,P-Dichloroethene 

Trichloroethene 

Tetmchloroethene 
Aluminum 

Arsenic 

Barium 

Cadmium 
Chromium 

Cobalt 

Copper 

Iron 
Manganese 

Mercury 
Nickel 

Vanadium 

1.4OE-02 

l.QOE-02 
1.50E-02 

l.OOE+04 

5.6OE+OO 

7.20EtOl 
1.20E+OO 

2.06E+Ol 

4.60E+OO 
3.@IE+Ol 

1.29E+02 

1.44E+02 
2.60E-01 

1.36EtOl 
2.69E+Ol 

5600 

5800 
5800 

5600 

5800 

5600 
5600 

5600 

5800 
5aw 

5600 

5800 
5800 

56cQ 
5800 

Zinc 363E+02 5800 

1 0.01 26 30 

1 0.01 26 30 
1 0.01 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 
1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 
1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 

1 0.001 26 30 
1 0.001 26 30 

1 0.001 26 30 lE-06 70 10950 25550 _------~ 2.43E-06 l.O4E-06 

Q.OOE-03 -- 9.69E-06 - 

6.OOE-03 l.lOE-02 2.01E-07 5.69E-12 

i.OOE-02 5.20E-02 9.53E-06 2.12E-11 
29OE+OO -- 2.19E-05 - 

3.OOE-04 1.75E+OO i.lQE-04 2.67E-06 
7.OOE-02 -- 6.54E-06 - 
5.00E-04 -- 1.53E-05 - 
5.OOE-03 -- 2.6ZE-05 - 
6.00E-02 -- 5.06E-07 - 
3.71E-02 -- 6.17E-06 - 

3.00E-01 -- 2.73E-06 - 
5.OOE-03 -- 1.63E-04 - 

3.00E-04 -- 5.93E-06 - 
2.00E-02 -- 4.39E-06 - 

7.00E-03 -- 2.44E-05 - 

3.00E-Oi-- &llE-06 - 

TOTAL 4.24E-04 2.67E-08 

lE-06 70 10950 25550 &90E-10 3.61E-10 

lE-08 70 10950 25550 1.21E-OQ 5.18E-10 
lE-06 70 10950 25550 953E-10 4.OQE-10 
lE-06 70 10950 25550 6.36E-05 2.72E-05 

IE-06 70 10950 25550 3.56E-06 1.53E-06 

lE-06 70 10950 25550 4.56E-07 l.sGE-07 
IE-06 70 10950 25550 7.63E-09 3.27E-09 

lE-06 70 10950 25550 1.31E-07 5.61E-06 

lE-06 70 10950 25550 3.05E-06 1.31E-06 
lE-06 70 10950 25550 2.29E-07 9.81E-0.3 

lE-06 70 10950 25550 &20E-07 3.51E-07 

lE-06 70 10950 25550 Q.l5E-07 392E-07 
lE-06 70 10950 25550 1.76E-09 7.63E-10 
lE-06 70 10950 25550 &77E-06 3.76E-06 
lE-06 70 10950 25550 1.71E-07 7.33E-06 

0.02% 

0.05% 
0.02% 

5.17% 

27.97% 

1.54% 
3.60% 

6.17% 

0.12% 
1.45% 

0.64% 

43.15% 
1.40% 

1.03% 
5.76% 

1.91% 

100.00% 

0.00% 

0.02% 

0.08% 
0.00% 

99.90% 

0.00% 
0.00% 

0.00% 

0.00% 

O.ou% 
0.00% 

0.00% 

O.W% 
0.00% 
0.00% 

0.00% 

iOO.OO% 



I’ 

I’ 

i 

CONSTITUENTS DETECTED IN SURFACE WATER 

SITE 12 

AVAILABLE FOR FISH CONSUMPTION 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 

VIRGINIA BEACH, VIRGINIA 

Constituent 

IOLATILES 

Acetone 

1 ,P-Dichloroethene (total) 

2-Butanone 

Trichloroethene 

Tetrachloroethene 

Toluene 

NORGANICS 

Aluminum 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Sodium 

Vanadium 

Zinc 

T 

Frequency 

of Detection 

31 

1 I 

1 I 

1 I 

1 I 

31 

21 
31 

41 

1 I 

11 
41 

11 
11 
41 

41 

41 

41 

41 

11 
11 
41 

41 

21 
41 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

Range of Detected 

Concentrations 

Wl~) 

20 - 50 

11 

36 

3j 

3j 
2j - 58 

43203 - 61800 

2.2j - 23.4 

25.3 j - 669 

3.1 j 

7.5 j 

15600j - 84500 

148 j 

64 j 

4.7 j - 305 

2900 j - 94800 

2.0 j - 312 

515Oj - 26600 

507j - 1240 

0.79 j 

143 j 

2800 j - 21300 

13300j - 262000 

11.8j - 162 

39.lj - 3800 

j 

j 
j 
j 
i 

Federal i Tap Health 

MCL / Water Advisory 

5 

0.e 

Wll) [aI (‘Ml) PI (‘Ml) [cl 

0.016 

0.14 

61C 

370 : 

5.5 / 

1.6 : 

1.1 

750 !  

11000 

0.038 

260 I 

0.016 I 

18! 

18i 

220 / 

1401 

18; 

1.1 

73 !  

26 !  

50 

2000 

4 

5 

100 

0 

2 

100 

1100: 

T \ Virginia 

Nater Stds. 

(‘Ml) WI 

27 

318 

6600 

50 

2000 

16 

170 

1300 

300 

15 

50 

0.144 

607 

5000 

Notes: 

a. Federal MCL concentration values represent USFederal Maximum Contaminant Level for potable water supplies. 

b. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table except for aluminum which is obtained from the January 7,1994 RBC table. 

c. Health Advisory Concentration values obtained from December 1993 USEPA Dffice of Water 

publication “Drinking Water Regulations and Health Advisories.’ 

d. Virginia Water Standards for public water supplies. 

* Health risk analysis to be performed will use the Integrated Exposure Uptake Biokinetic (IEUBK) Model. 

Potential 

Concern 

NO 

YES 

NO 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES 

NO 

YES 

YES 

YES 

YES 

YES * 

NO 

YES 

YES 

YES 

NO 

NO 

YES 

YES 



Zonstituent 

/OiATILES 
1,2-Dichloroethene (total) 
Trichloroethene 
Tetrachloroethene 

NORGANICS 
Aluminum 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Manganese 
Mercury 
Nickel 
Vanadium 
Zinc 

I 
CONSTITUENTS CONCENTRATION IN FISH 

SITE 12 
NAVAL AMPHIBIOUS BASE - LITTLE CREEK 

VlRGlNiA BEACH, VIRGINIA 

Maximum Detected 
Concentrations 

OJm OwP) 

11 

3j 
3 

81800 
23.4 
669 
3.1 
7.5 
148 
64 

305 
94800 

312 
1240 
0.79 
143 
162 

3800 

i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
i 
j 
j 
j 

i 

i 

1 .lOE-02 1.6 1.76E-02 1.20E+OO NC 
3.00E-03 j 10.6 3.18E-02 2.90E-01 NC 
3.00E-03 j 31 9.30E-02 6.10E-02 YE 

8.18E+Ol j 
2.34E-02 j 
6.69E-01 j 
3.10E-03 j 
7.50E-03 j 
1.48E-01 j 
6.4OE-02 j 
3.05E-01 j 
9.48E+Ol j 
3.12E-01 j 
1.24E+OO j 
7.90E-04 j 
143E-01 j 
1.62E-01 j 
3.80E+OO j 

-- 

-- 

-- 

-- 

-- 

-- 

44 

19 
81 
16 

200 

al 

5500 
47 

-- -- 

l.O3E+OO 1.80E-03 
-- -- 

589E-02 7.30E-04 
6.07E-01 6.80E-01 
2.37E-tOO 6.8OE+OO 

-- ‘-- 

6.10E+ol 5.00E+Ol 
-- -- 

1.53E+Ol 5OOE+Ol 
-- -- 

434E+OO 4.10E-01 
6.72E+OO 2.7OE+Ol 

-- -- 

1 471 1.79E+02 : 4.10E+Ol 

* 

YE 
* 

YE 
NC 
NC 

l 

YE 

* 

NC 

* 

YE 
NC 

* 

YE 
L 

Pot 
car 

* Source: USEPA Superfund Public Heaith Evaluation Manual, EPA/540/i -86/060, October 1986 
** Fish Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table. 
*** Not evaluated due to unavailable bioconcentration factor. 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAI NONCARCINOGENIC 

AND CARCINOGENIC RISK FHOM INGESTtON OF FISH 

SITE 12 

FUTURE SCENARO 

FISH - INGESTION 

RESIDENT CHILD 

CHEMJCAL 

Tetrachloroethene 

Arsenic 

Beryllium 

Copper 

Mercury 

Zinc 

TOTAL 

FC 

mgiW 

9.30E-02 

l.O3E+OO 

5.89E-02 

6.10E+ol 

4.34E+OO 

1.79E+02 

IR FI EF ED CF BW ATnc ATc CDlnc CDlc RfD CSF HI CR % CONTRIB % CONTRIB 

g/d dh’ Y  kg/s kg d d mgikgld mglkgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

6.5 1 350 6 lE-03 15 2190 25550 3.86E-05 3.31E-06 1 .OOE-02 5.20E-02 3.66E-03 1.72E-07 0.05% 0.23% 

6.5 1 350 6 IE-03 15 2190 25550 4.26E-04 3.67E-05 3.00E-04 1.75E+OO 1.43E+OO 6.42E-05 17.03% 67.47% 

6.5 1 350 6 IE-03 15 2190 25550 2.45E-05 2.10E-06 5.00E-03 4.30E+OO 4.69E-03 9.02E-06. 0.06% 12.29% 

6.5 1 350 6 lE-03 15 2190 25550 2.53E-02 2.17E-03 3.7iE-02 Not Available 6.63E-01 O.OOE+OO 6.15% 0.00% 

6.5 1 350 6 iE-03 15 2190 25550 IJOE-03 1.55E-04 3.00E-04 Not Available 6.0iE+oo ~O.OOE+OO 71.75% 0.00% 

6.5 1 350 6 lE-03 15 2190 25550 7.44E-02 6.36E-03 3.00E-01 Not Available 2.46E-01 O.OOE+OO 2.96% 0.00% 

6.3UE+OO 7.34E-OS 100.00% 100.00% 

FUTURE SCENARO 

FISH - INGESTION 

RESIDENT ADULT 

CHEMICAL 

Tetrachloroethene 

Arsenic 

Beryllium 

Copper 

Mercury 

Zinc 

FC IR 

wlkg g/d 

FI 

9.30E-02 6.5 1 

l.O3E+CO 6.5 1 

589E-02 6.5 1 

6.10E+ol 6.5 1 

4,34E+OO 6.5 1 

1.79E+02 6.5 1 

EF ED 

W Y  

350 30 

350 30 

350 30 

350 30 

350 30 

350 30 

CF BW ATnc ATc CDlnc cm RfD CSF HI CR % CONTRIB % CONTRIB 

kg/g kg d d mg/kgld mglkgld mglkgld (mg/kg/d)- t NC RISK CARC RISK 

lE-03 

lE-03 

lE-03 

lE-03 

lE-03 

70 10950 25550 6.26E-06 3.55E-06 l.OOE-02 5.20E-02 6.28E-04 1.65E-07 0.05% 0.23% 

70 10950 25550 9.17E-05 3.93E-05 3.OOE-04 1.75E+OO 3.06E-01 6.66E-05 17.03% 07.47% 

70 10950 25550 5.24E-06 2.25E-06 .500E-03 4.30E+OO l.O5E-03 9.663-06 0.06% 12.29% 

70 10950 25550 5.43E-03 2.33E-03 3.71E-02 Not Available 1.46E-01 O.OOE+OO 6.15% 0.00% 
70 10950 25550 3.66E-04 1.66E-04 3.00E-04 Not Available 1.29E+OO O.OOE+@I 71.75% 0.00% 

lE-03 70 10950 25550 1.59E-02( 6.63E-03 3.00E-01 Not Available 5.31E-02 O.OOE+OO 2.96% 0.00% 

TOTAL 1.8OE to0 7.66E-05 100.00% 100.00% 



IEUBK MODEL OPTIONS 
SITE - 12 

Parameter Default Option User Defined Option 
.:: .‘,. . ,:, .;. .’ .’ ,.,j; ,.,,, . . . ,., ,.,. :., .: .’ 
I:::, ‘: Air-: ‘;. ,, ,,, .,,. ., : ‘j.. : ,‘: ,, .., ,. ” ., .,. :.:. .’ .,.. ., ;;,: ,. .,. 

Outdoor air lead concentration (pg/m3) 0.10 0.00 

Ratio of indoor to outdoor air lead 30 00 
concentration ( %I) 

Time outdoors (hours/day) 
Age = 

O-l year (O-l 1 mo) 1 1 
l-2 years (12-23 mo) 2 2 
2-3 years (24-35 mo) 3 3 
3-7 years (36-83 mo) 4 4 

Ventilation rate (mYday) 
Age = 

O-l year (O-11 mo) 2 2 
1-2 years (12-23 mo) 3 3 
2-3 years (24-35 mo) 5 5 
34 years (3647 mo) 5 5 
4-5 years (48-59 mo) 5 5 
5-6 years (60-71 mo) 7 7 
6-7 years (72-84 mo) 7 7 

Lung absorption (so) 32 00 

Dietary lead intake (pg/m3) 
Age = 

O-l year (O-11 mo) 5.53 0.00 
l-2 years (12-23 mo) 5.78 0.00 
2-3 years (24-35 mo) 6.49 0.00 
34 years (3647 mo) 6.24 0.00 
4-5 years (48-59 mo) 6.01 0.00 
5-6 years (60-71 mo) 6.34 0.00 
6-7 years (72-84 mo) 7.00 0.00 

,...... ;.j.. ‘. ,,, .’ .‘, ‘.’ ,.: ,.. .,, ..:;,)’ ‘.: .,, : ‘. .:., : :.i’..~A;Iternate Diet Sources :. ., .: .,: .,.. ,+ : 

Concentration (pg Pb/g) 
home-grown fruits 0 0.000 
home-grown vegetables 0 0.000 
fish from fishing 0 4.190 
game from hunting 0 0.000 

Percent of food class (%) 
home-grown fruits 0 0 
home-grown vegetables 0 0 
fish from fishing 0 100 
game from hunting 0 0 



IEUBK MODEL OPTIONS 
SITE - 12 (Continued) 

Parameter Default Option User Defined Option 
.‘,, “: . ..” ,.I’:.,,. ” D&&hg v&;. “:: “, ‘:: 

. . 
:: . . 

Lead concentration in drinking water (PgiL) 4 85.55 

Ingestion rate (liters/day) 
Age = 

O-l year (O-l 1 mo) 0.20 2 
l-2 years (12-23 mo) 0.50 2 
2-3 years (24-35 mo) 0.52 2 
3-4 years (36-47 mo) 0.53 2 
4-5 years (48-59 mo) 0.55 2 
5-6 years (60-71 mo) 0.58 2 
6-7 years (72-84 mo) 0.59 2 

: .’ ,.:‘: :, ‘. :.’ Soil/Dust :; : :. 

Concentration 
Soil 200 55.82 
Dust 200 55.82 

Soil ingestion as percent of total soil and 45 45 
dust ingestion 

Soil/Dust lead concentration @gig) 
Age = 

O-l year (O-11 mo) 0.085 0.085 
1-2 years (12-23 mo) 0.135 0.135 
2-3 years (24-35 mo) 0.135 0.135 
3-4 years (36-47 mo) 0.135 0.135 
4-5 years (48-59 mo) 0.100 0.100 
5-6 years (60-71 mo) 0.090 0.090 
6-7 years (72-84 mo) 0.085 0.085 

Dust lead concentration @g/g) 
Age = 0.0 0.0 

l-2 years (12-23 mo) 0.0 0.0 
2-3 years (24-35 mo) 0.0 0.0 
3-4 years (3647 mo) 0.0 0.0 
4-5 years (48-59 mo) 0.0 0.0 
5-6 years (60-71 mo) 0.0 0.0 
6-7 years (72-84 mo) 0.0 0.0 



IEUBK MODEL OPTIONS 
SITE - 12 (Continued) 

Parameter Default Option User Defined Option 
;,.: .,;/ :.’ ,.,,, .; .” ‘::, ,,.’ ” ,,, ., ,,,:. ,,...:.. ‘,’ :.,.. .,. Bi&ailabiIity .&:All .Gut Absorption,Pathways-., ; ” ‘,::y.’ ‘), 1~: :j,:.;. .::. ,, 

Total lead Absorption (at low intake) 
diet 50 50 
drinking water 50 50 
soil 30 30 
dust 30 30 
alternate source 0 0 

Fraction of lead absorbed at high intake 
diet 0.2 0.2 
drinking water 0.2 0.2 
soil 0.2 0.2 
dust 0.2 0.2 
alternate source 0.2 0.2 
,,‘: ,, ‘: .., ” .” ‘I’ .&fate&$&Newbom +j~,E$gs~e~;. ‘. ).;‘.. ’ :. ,,:‘:I:: f,’ : .jj .,, ;: : 

.’ .., ,:::,,:;..;.:: ,‘, ., .’ 

Mother’s blood lead level at time of 
birth 2.5 2.5 

Geometric standard deviation for blood 
lead (GSD) 1.6 1.6 

Blood lead level of concern 10 10 



I- 7 



Cutoff: 
% Clboue: 
% Below: 
c. Hean: 

I I I I I I I I 1 ’ 11 11 : J I’ ’ ” I 0 20 40 60 80 100 120 140 160 180 200 220 

LEClD 0.99d BLOOD LECID CONCENTRf4TION <ug/dL) 
72 to 84 Months 

Site 12 
Fiaure N-10 



SITE - 13 



Constituent 

VOLATILES 
Acetone 
Toluene 

SEMI-VOLATILES 
2-Methyl naphthalene 
Acenaphthene 
Diberuofuran 
Fluorene 
Pentachlorophenol 

.= .,-, _ Phermthrene 
Anthracene 
Fluoranthene 
Carbazole 
Pyrene 
Butylbenzyl phthalate 
Benzo (a) anthracene 
Chrysene 
Bis (2) ethylhexylphthalate 
Benzo (b) fluoranthene 
Benzo (kc) fluoranthene 
Benzo (a) pyrene 
lndeno (1,2,3-cd)pyrene 
Dibenzo (a,h) antfvacene 
Benzo (g,h,i) perylene 

Notes: 

CONSTlTUENTS DETECTED IN SURFACE SOIL SAMPLES 
SiTE 13 

NAVAL AMPHIBIOUS BASE - LlTTLE CREEK 
VIRGINIA BEACH, VIRGINIA 

Frequency 
of Detection 

41 5 
31 5 

11 5 
11 5 
11 5 
11 5 
41 5 
41 5 
11 5 
41 5 
11 5 
51 5 
21 5 
41 5 
41 5 
31 5 
51 5 
41 5 
41 5 
31 5 
11 5 
31 5 

Range of Detected Residential Soil 
Concentrations Concentration Potential 

bJg/kd (uglkg) [al Concern 

8 - 19 7.80E+05 NO 

2 - 3j 1.60E+06 NO 

410j YES 
950 j 4.70E+05 NO 
870 j YES 

1300 j 3.10E+05 NO 
520 - 13000 5.30E+03 YES 

81 - 7900 YES 
1800 j 2.30E+06- NO 

120 - 9800 3.1 OE+05 NO 
1200 j 3.20E+04 NO 

410 - 21000 2.30E+05 NO 
38 - 44 j 1.60E+O6 NO 

110 - 10000 8.80E+02 YES 
120 - 10000 8.80E+04 NO 
230 - 630j 4.60E+03 NO 
140 - 13000 8.80E+02 YES 

81 - 3400 j 8.80E+03 NO 
100 - 8400 8.80E+Ol YES 
200 - 4000 j 8.88E+02 YES 

700 j 8.80E+Ol NO 
190 - 3600 i YES 

a. Residential Soil Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 
Concentration Table using a target hazard quotient of 0.1 and a target cancer risk of le-06. 



SUMMARY OF CHROMC DAILY INTAKE (CDI) AND POTENTIAL NONCAFKINOGEMC 

AND CARCINOGEMC FUSKFROM INGESTION OF SUAACE SOIL 

SITE 13 

CURRENT SCENARIO 

SolL - INGESTION 

TRESPASSER CHILD 

CHEMCAL 

cs 
maI@ 

IR FI EF ED CF BW ATnc ATc CDlrlc CDtc RtD CSF HI CR % CONTRIB % CONTRIB 

mg/d d/y Y  kglmg kg d d mg/kg/d mglkgld mglkgld (mgikg/d)-I NC RISK CARC RISK 

2-Methylnapthalene 

Dibenzoluran 

Pentachlorophenol 

Pherenthrene 

Benzo(a)-anthracene 

Benzo(b)tluoranthtene 

Benzo (a)-pyrene 

indeno(l.2,3-cd)-pyrene 

Benzo(g,h,i)-perylene 

4.10E-01 

&70E-01 

1.30E+Oi 

7.90E+00 

l.@JE+Oi 

1.30E+Oi 

64OE+00 

4.OOE+OO 

3.@JE+OO 

2mJ 

200 

200 

200 

200 

200 

200 

200 

200 

1 14 6 lE-06 

1 14 6 IE-06 

1 14 6 IE-06 

i 14 6 iE-06 

1 14 6 IE-06 

1 14 6 iE-06 

1 14 6 lE-06 

1 14 6 iE-06 

1 14 6 IE-06 

15 

15 

15 

15 

15 

15 

15 

15 

15 

2190 25550 2.10E-07 

2190 25550 4.45E-07 

2190 25550 6.65E-06 

2190 25550 4.04E-06 

2190 25550 5.11E-06 

2190 25550 6.65E-06 

2190 25550 3.27E-08 

2190 25550 2.05E-06 

2190 25550 1.84E-06 

1.80E-08 4.OOE-02 - - 5.24E-06 -- 1.10% 0.00% 
3.81E-08 4.OOE-03 -- l.iiE-04 -- 23.30% 0.00% 

5.70E-07 3.@JE-02 1.2OE-01 2.22E-04 6.84E-08 46.42% 2.20% 
3.46E-07 293E-02 -- 1.3QE-04 -- 29.10% 0.00% 
4.38E-07 -- 7.30E-01 -- 32OE-07 0.00% 10.65% 
5.70E-07 -- 7.30E-01 -- 4.16E-07 0.00% 13.84% 
2.01E-07 -- 7.3OE+W -- 2.05E-06 0.00% 63.16% 
1.75E-07 -- 7.30E-01 -- 1.28E-07 O.OQ% 4.26% 

1.58E-07 -- 1.55E-01 -- 2.45E-08 0.00% 0.81% 

TOTAL 477E-04 3.OOE-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM INGESllON OF SURACE SOIL 

SITE 13 

CURRENT SCENARIO 

SC4L - INGESTION 
TRESPASSER ADULT 

CHEMCAL 

cs 
mMv4 

IR FI EF ED CF SW ATnc 

mg/d dEy v kglmg kg d 

ATc CDlnc ccic RtD CSF HI CR % CONTRIB % CONTRIS 
d mglkgld mglkgld mglkgld @g/kg/d)- 1 NC RISK CARC RISK 

P-Methylnapthalene 
Dibenzofuran 

Penlachlorophenol 
Phenanlhrene 

Benzo(a)-anthmcene 

Benzo@)Ruomnthtene 
Benz0 (a)-pyrene 

indeno(l,2+cd)-pyrene 

Benzo(g,h,i)-pefylene 

TOTAL 

4.10E-01 

13.70E-01 

130E+Ol 
7.QUE+OO 

i.COE+Ol 
l.ZIOE+Ol 

6.4OE+OO 

4.OOE+OO 

MOE+00 

100 1 28 30 

100 1 28 30 

100 1 28 30 
100 1 28 30 

ioo 1 28 30 
100 1 28 30 

1M) 1 28 30 

100 1 28 30 
too 1 28 30 

IE-06 

iE-06 

IE-06 
IE-06 

IE-06 
IE-06 

IE-06 
IE-06 

IE-06 

70 

70 

70 
70 

70 
70 

70 

70 
70 

10950 25550 4.4QE-08 

10950 25550 9.53E-08 

10950 25550 1.42E-06 
10950 25550 8.66E-07 

10950 25550 l.lOE-06 
10950 25550 1.42E-06 

10950 25550 7.01E-07 

10950 25550 4.38E-07 

10950 25550 3.95E-07 

i.xiE-08 4.00E-02 -- 1.12E-06 -- 1.10% 
4.09E-08 4.OOE-03 -- 2.38E-05 -- 23.30% 
6.1 IE-07 3.WE-02 1.20E-01 4.75E-05 7.33E-08 46.42% 
3.71E-07 2.QOE-02 -- 29QE-05 -- 29.18% 
4.70E-07 -- 7.30E-01 -- 3.43E-07 0.00% 
6.11E-07 -- 7.30E-01 -- 4.46E-07 0.00% 
XOIE-07 -- 7.30E+M) -- 2.1QE-06 0.00% 
IME-07 -- 7.30E-01 -- 1.37E-07 O.W% 
IBE-07 -- 1.55E-01 -- 2.6ZE-08 0.00% 

l.O2E-04 3.22E-06 100.00% 

0.00% 

0.00% 

2.20% 
0.00% 

10.65% 
13.04% 

68.16% 

4.26% 
0.81% 

100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC FUSKFAOM INGESllON OF SUFFACE SOIL 

SITE 13 

CURRENT SCENARIO 

SOIL - INGESTION 

RECREATIONAL CHILD 

CHEMCAL 

cs IR FI EF ED CF BW Alnc 

wlkg mgld d/y Y  kglmg kg d 

ATc CDlnc cm RfD CSF HI CR % CONTRIB % CONTFUB 
d mg/kg/d mglkgld mglkgld hVWd)-~ NC RISK CAR RISK 

P-Methyk!apthalene 

Dibenzofuran 

Pentrchlorophenol 

Pheranthrene 

Benzo(a)-anthracene 

Benzo(b)lluoranthtene 

Benz0 (a)-pyrene 

indeno(l,2,3-cd)-pyrene 

Benzo(g,h.i)-perylene 

4.1OE-01 

6.70E-01 

13OE+Ol 

7,9OE+OO 

1 .OOE+Oi 

1.30E+Ol 

6.4OE+Oo 

4.OoE+ocl 

3.6OE+00 

67 1 14 6 lE-06 

67 1 14 6 IE-06 

67 1 14 6 IE-06 

67 1 14 6 IE-06 

67 1 14 6 1 E-06 

67 1 14 6 lE-06 

67 1 14 6 lE-06 

67 1 14 6 lE-06 

67 1 14 6 lE-06 

15 

15 

15 

15 

15 

15 

15 

15 

15 

2150 25550 7.02E-06 

2190 25550 1.49E-07 

2190 25550 2.23E-06 

2190 25550 1.35E-06 

2190 25550 1.71E-06 

2190 25550 2.23E-06 

2190 25550 l.lOE-06 

2190 25550 6.65E-07 

2190 25550 6.17E-07 

6.02E-09 4.OOE-02 -- 1.76E-06 -- 1.10% 

1.28E-06 4.OOE-03 -- 3.73E-05 -- 23.30% 

1.91E-07 3.OOE-02 IJOE-Of 7.42E-05 2.29E-06 46.42% 
l.l6E-07 2.90E-02 -- 4.67E-05 -- 29.16% 

1.47E-07 -- 7.30E-01 -- i.O7E-07 0.00% 
1.91E-07 -- 7.30E-01 -- i.39E-07 0.00% 

9.4OE-06 -- 7.30E+OO -- 6.86E-07 0.00% 

5.67E-08 -- 7.30E-01 -- 4.29!Z-08 0.00% 

5.29E-06 -- 1.55E-01 -- &19E-09 0.00% 

0.00% 

0.00% 

2.28% 

0.00% 

10.65% 

13.64% 

66.16% 

4.26% 

0.61% 

TOTAL l.B)E-04 l.OiE-06 100.00% 100.00% 



SUMMARY CM= CHROMC DAILY INTAKE (CDI) AND POTENTIAL NONCAFUZNOGEfUfC 

AND CARCiNOGENlC WSKFROM INGESTION OF SUAACE SolL 

SITE 13 

CURRENT SCENARIO 

SolL - INGESTION 

FwwAnoNAL ADULT 

CHEMCAL 

cs IA FI EF ED CF f3W ATnc 

w/kg mgld dEy Y  kglmg kg d 

ATc CDlnc Cl% WD CSF HI CR % CONTRIE % CONTFW 
d mgikgld mglkgld mglkgld b?$kgld) - 1 NC RISK CAAC RISK 

P-Methylnaplhalene 

Dibenzofuran 

Penfachlorophenol 

Phenanthrene 

Benzo(a)-anthracene 

Benzo(b)fluorenthtene 

Benz0 (a)-pyrene 

fndeno(l,2,3-cd)-pyrene 

Eienzo(g,h,i)-perylene 

4.10E-01 

8.70E-01 

1.30fI+01 

7.QOE+00 

l.cnE+01 

1.30E+Oi 

&lOE+M) 

4.OOEiOa 

3.6OE+OO 

33 1 28 30 IE-06 

33 1 28 30 IE-06 

33 1 28 30 IE-06 

33 1 28 30 lE-OB 

33 1 20 30 lE-06 

33 1 28 30 IE-06 

33 1 20 30 IE-06 

33 1 28 30 IE-06 

33 1 28 30 IE-06 

70 

70 

70 

70 

70 

70 

70 

70 

70 

10950 25550 1.48E-08 

10950 25550 3.15E-08 

10950 25550 4.70E-07 

10950 25550 2.86E-07 

10950 25550 3.6ZE-07 

10950 25550 4.70E-07 

10950 25550 2.3lE-07 

10950 25550 . 1.45E-07 

10950 25550 1.30E-07 

6.35E-09 4.OOE-02 -- 3.71E-07 -- 1.10% 0.00% 
1.35E-08 4.00E-03 -- 7.87E-06 -- 23.30% 0.00% 

2.0lE-07 3.OOE-02 1.20E-01 1.57E-05 2.42E-08 46.42% 2.20% 
1.22E-07 2.QOE-02 -- 9.85E-06 -- 29.18% 0.00% 

1.55E-07 -- 7.30E-01 -- l.l3E-07 0.00% 10.65% 
2.0lE-07 -- 7.30E-01 -- 1.47E-07 0.00% 13.84% 
Q.Q2E-08 -- 7.30E+OO -- 7.24E-07 0.00% 68.16% 
6.20E-08 -- 7.30E-01 -- 4.53E-08 0.00% 4.26% 

5.58E-08 -- 1.55E-01 -- &65E-09 0.00% 0.81% 

TOTAL 3.38E-05 l.O6E-06 100.00% 100.00% 



SLIMMARY OF CHRONlC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARClNOGEMC FUSKFROM INGESTlON OF SUAACE SOlL 
SITE 13 

CURRENT SCENARIO 

SOlL - INGESTlON 
WORKER ADULT 

CHEMICAL 
CS IR FI EF ED CF BW ATnc 

mglkg mgld d/y Y kglmg kg d 

ATc CDlnc CLnc RfD CSF HI CR % CONTRIB % CONTRIB 
d mglkgld mglkgld mgtkgld (ma/kg/d) - 1 NC RISK CARC RISK 

2-Methylnapthafene 

Dibenzoluran 

Pentachlorophenol 
Pheranthrene 

Benzo(a)-anthtacene 
Benzo(b)fluomnfhtene 

Benz0 (a)-pyrene 
indeno(l,2+cd)-pyrene 

Benzo(g,h,i)-perylene 

4. WE-01 

6.70E-01 

130E+Ol 
7.QOE+OO 

1 .OOE+Ol 
1.30E+Of 
64OE+00 

4.00E+M) 
3.6UE+OO 

50 1 250 25 IE-06 70 9125 

50 1 250 2.5 IE-06 70 9125 

50 1 250 25 lE-06 70 9125 
50 1 250 25 IE-06 70 9125 

50 1 250 25 lE-06 70 9125 
50 1 250 25 lE-06 70 9125 
50 1 250 25 lE-06 70 9125 

50 1 250 25 lE-06 70 9125 
50 1 250 25 lE-06 70 9125 

25550 2.01E-07 

25550 4.26E-07 

25550 6.36E-06 
25550 3.66E-06 
25550 4.69E-06 

25550 6,36E-06 
25550 3.13E-06 

25550 l.s6E-06 
25550 1.76E-06 

7.16E-06 

1.52E-07 

2.27E-06 
1.36E-06 

1.75E-06 -- 
2.27E-06 -- 
l.l2E-06 -- 

6.99E-07 -- 

6.29E-07 -- 

4.OOE-02 -- 

4.OOE-03 -- 

3.OOE-02 1.20E-01 
2.QOE-02 -- 

7.30E-01 
7.30E-01 

7.30E+OO 
7.30E-01 

1.55E-01 

5.0tE-06 -- 

l.O6E-04 -- 

2.12E-04 2.73E-07 
1.33E-04 -- 

-- 1.26E-06 

-- 1.66E-06 
-- 6.16E-06 

-- 5.10E-07 

-- 9.75E-06 

1.10% 

23.30% 

46.42% 
29.16% 

0.00% 

0.00% 
0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

2.26% 
0.00% 

10.65% 

13.64% 
66.16% 

4.26% 

0.61% 

TOTAL 4.57E-04 1.20E-05 lOO.W% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINCGENIC RISKFROM DEMALCONTACTWITH SlM=ACE SOIL 

SITE 13 

CURRENT SCENARIO 

SOIL - DERMAL 

TRESPASSER CHILD 

CHEMCAL 

CS SA AF ABS EF ED CF BW ATnc ATc CDlnc CDIC WD CSF HI CR % CONTFflS % CONTRIB 

metW cm^2 mg/cm^Z dh’ Y  kglms kg d d mglkgtd ‘w/kg/d mgtkgtd bwlkgtd) - 1 NC RISK CARC RISK 

P-Methylnapthalene 

Dibenzofuran 

Pentachlorophenol 

Pheranthrene 

Benzo(a)-anlhracene 

Benzo(b)fluoranthtene 

Benz0 (a)-pyrene 

indeno(l,Z,&cd)-pyrene 

Benzo(g.h,i)-perylene 

4.iOE-01 

6.70E-01 

1.30E+Ot 

7.9olZ+M) 

l.OOE+Oi 

1.30E+Ol 

6.4oE+Oo 

4.OOE+OO 

3.6OE+OO 

1820 

1620 

1820 

1820 

1820 

1820 

1820 

1820 

1620 

1 0.01 14 6 lE-06 15 2190 25550 

1 0.01 14 6 lE-06 15 2190 25550 

1 0.01 14 6 lE-06 15 2190 25550 

1 0.01 14 6 lE-06 15 2190 25550 

1 0.01 14 6 iE-06 15 2190 25550 

1 0.01 14 6 1E-06 15 2190 25550 

1 0.01 14 6 IE-06 15 2190 25550 

1 0.01 14 6 lE-06 15 2150 25550 

1 0.01 14 6 iE-06 15 2190 25550 

1.91E-06 1.64E-09 4.OOE-02 -- 4.77E-07 - 1.10% 

4.05E-06 3.47E-09 4.oOE-03 - - l.OlE-05 - 23.30% 

6.05E-07 5.19E-08 3.OOE-02 l.ZOE-01 Z.OZE-05 6.22E-09 46.42% 
3.66E-07 315E-06 2.9OE-02 -- 1.27E-05 - 29.16% 

4.65E-07 3.99E-06 -- 730E-01 -- 2.91E-08 0.00% 

6.05E-07 5.19E-08 -- 7.30E-01 -- 3.79E-06 0.00% 

2.96E-07 2.55E-08 - - 7.30E+00 -- 1.66E-07 0.00% 

1.66E-07 1.6OE-06 -- 7.30E-01 -- 1.16E-06 0.00% 

1.66E-07 1.44E-06 -- 1.55E-01 -- 2.23E-09 0.00% 

0.00% 

0.00% 

2.26% 

0.00% 

10.65% 

13.04% 

68.16% 

4.26% 

0.81% 

TOTAL 4.34E-05 2.73E-07 100.00% 100.00% 



SUMMARY OF CHRDMC DAILY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGEMC RISKFROM DERMAL CONTACT WITH SWACE SOIL 

SITE 13 

CURRENT SCENARIO 

SOIL - DERMAL 

TRESPASSER ADULT 

CHEMlCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CWnc CDIC RID CSF HI CR % CONTRIB %CONTRlB 

w/kg cm^2 mg/cm^2 dhr Y kglmg kg d d mglkgld mg/kg/d w/kg/d OWkg/d)- 1 NC RISK CARC RISK 

P-Methyfnapthalene 

Dibenzofuran 
Pentechlorophenot 

Phemnlhrene 
Benzo(a)-anthmcene 

Benzo(b)ttuoranthtene 
Benz0 (a)-pyrene 

indeno(i,2,Gcd)-pyrene 

Benzo(g,h,i)-perylene 

4.1OE-01 

8.70E-01 
1.3O.E+01 

7.90E+OO 
i.COE+Ol 

1.30E+Oi 
6.4oEfOO 

4.00E+OO 
360EfOO 

5600 1 
5600 1 

5600 1 

5mJcl 1 

5800 1 

5600 1 

56ou 1 

5600 1 
5800 1 

0.01 
0.01 

0.01 

0.01 
0.01 

0.01 
0.01 

0.01 
0.01 

28 30 
26 30 

28 30 

26 30 
20 30 

26 30 
20 30 

28 30 

26 30 

IE-06 70 10950 25550 2.6iE-08 
lE-06 70 10950 25550 5.53E-08 

lE-06 70 10950 25550 6.26E-07 
IE-06 70 10950 25550 5.02E-07 

IE-06 70 10950 25550 6.36E-07 

IE-06 70 10950 25550 6.26E-07 
iE-06 70 10950 25550 4.07E-07 

lE-06 70 10950 25550 2.54E-07 
lE-06 70 10950 25550 2.29E-07 

i.i2E-08 4.OOE-02 -- 6.52E-07 - 1.10% 
2.37E-06 4.OOE-03 -- l.ME-05 - 23.30% 
3.54E-07 3.OOE-02 1.20E-01 2.75E-05 4.25E-06 46.42% 
2.15E-07 2.9JE-02 -- 1.73E-05 - 29. I 8% 

2.72E-07 -- 7.30E-01 -- 1.9QE-07 0.00% 

3.54E-07 -- 7.30E-01 -- 2.5QE-07 0.00% 
1.74E-07 -- 7.30E+OO -- 1.27E-06 O.co% 

l.OQE-07 -- 7.30E-01 -- 7.95E-00 0.00% 
9.8IE-06 -- I .55E-01 -- 1.52E-06 0.00% 

0.00% 

0.00% 
2.26% 
0.00% 

10.65% 

13.64% 
68.16% 

4.26% 

0.81% 

TOTAL 5.93E-05 1.67E-06 1 00.00% 100.00% 



SUMMARY CIF CHRONtC DAlLY INTAKE (CW) AND POTENTIAL NCJNCARClNOGEMC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SUFFACE SOIL 

SITE 13 

CURRENT SCENARIO 

SotL - DERMAL 

~cfu3normckum 

CHEMCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDtnc ccic RfD CSF HI CR % CONTRIB % CONTRIB 

msfig cmA2 mg/cm^2 dly Y  kg/w kg d d mglkgld mglkgld mglkgld (mglkgldl- 1 NC RISK CARC RISK 

P-Methylnapthalene 

Dibenzofuran 

Pen&hlorophenol 

Phemnthrene 

Benzo(a)-anthracene 

Benzo(b)fluoranthtene 

Benzo (a)-pyrene 

indeno(l,2,3-cd]-pyrene 

Benzo(g,h,i)-perylene 

4.10E-01 1820 

8.70E-01 1820 

1.30E+01 1820 

7.9OE+OO 1820 

l.OOE+Ol 1820 

1.30E+01 1820 

64OE+00 1820 

4.WE+OQ 1820 

3.60E+OO 1820 

1 0.01 14 6 IE-06 15 2190 25550 

1 0.01 14 6 IE-06 15 2190 25550 

1 0.01 14 6 lE-06 15 2190 25550 
1 0.01 14 6 lE-06 15 2190 25550 

1 0.01 14 6 IE-06 15 2190 25550 

1 0.01 14 6 IE-06 15 2190 25550 

1 0.01 14 6 IE-06 15 2190 25550 

1 0.01 14 6 iE-06 15 2190 25550 

1 0.01 14 6 IE-06 15 2190 25550 

1.91E-08 

4.05E-08 

6.05E-07 

3.6aE-07 

4.65E-07 

6.05E-07 

2.98E-07 

1.86E-07 

1.68E-07 

i.64E-09 4.OOE-02 -- 

3.47E-09 4.COE-03 -- 

5.19E-08 3.00E-02 1.20E-01 

3.15E-08 2.90E-02 -- 

3.99E-08 -- 7.3OE-01 

5.19E-08 -- 7.30E-01 

2.55E-08 -- 7.30E+OO 

1.6OE-08 -- 7.30E-01 

1.44E-08 -- 1.55E-01 

4.77E-07 - 

l.OlE-05 - 

2.02E-05 622E-09 

1.27E-05 - 
-- 2.91E-08 
-- 3.79E-08 
-- 1.86E-07 
-- l.l6E-08 
-- 2.23E-09 

1.10% 

23.30% 

46.42% 

29.18% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

0.00% 

2.28% 

0.00% 

13.84% 

66.16% 

4.26% 

0.81% 

TOTAL 4.34E-05 2.73E-07 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENllAL NONCARCINOGENIC 

AND CAHUNDGENIC RlSKFRDM DERMAL CONTACT WITH SUR=ACE SOIL 

SITE 13 

CURRENT SCENARfO 

SDfL - DERMAL 

wxmmoiufd. ADULT 

CHEMCAL 

cs SA Al= ABS EF ED CF BW ATnc ATc CWnc CDIC Rfll CSF HI CR % CONTWS % CDNTRIB 
mglkg cm-2 mg/cm^2 d/y Y kghg kg d d mglkgld mglkgld mglkgld (mglkgld)- 1 NC RISK CARC RISK 

2-Methylnapthalene 4.10E-01 5600 1 OS01 26 30 lE-06 70 10950 25550 2.61E-06 f.f2E-06 4.OOE-02 -- 6.52E-07 - 1.10% 0.00% 
Dibenzofuran 6.70E-01 5600 1 0.01 26 30 lE-06 70 10950 25550 5.53E-06 2.37E-08 4.00E-03 -- 1.3EE-05 - 23.30% 0.00% 

PerVachlorophenol 13OE+Ol 5600 1 0.01 20 30 lE-06 70 10950 25550 6.26E-07 3.54E-07 3.OOE-02 1.20E-01 2.75E-05 4.25E-06 46.42% 2.26% 
Pherunthrene 7.90E+OO 5600 1 0.01 26 30 IE-06 70 10950 25550 5.02E-07 2.15E-07 2.9OE-02 -- 1.73E-05 - 29.18% 0.00% 

Senzo(a)-anthmcene 1 .OOE+Ol 5800 1 0.01 26 30 lE-06 70 10950 25550 6.36E-07 2.72E-07 -- 7.30E-01 -- ix&E-07 0.00% 10.65% 
Senzo(b)fluoranthtene 1.30E+Ol 5600 1 0.01 26 30 fE-06 70 10950 25550 6.26E-07 3.54E-07 - - 7.30E-01 -- 2.59E-07 0.00% 13.64% 
Benz0 (a)-pyrene 6.4oE+OO 5600 1 0.01 20 30 lE-06 70 10950 25550 4.07E-07 1.74E-07 -- 7.30E+M) -- 1.27E-06 0.00% 66.16% 
indeno(l,2,3-cd)-pyrene 4.OOE+OO 5600 1 0.01 28 30 lE-06 70 10950 25550 2.54E-07 1.0x-07 -- 7.30E-01 -- 7.95E-06 0.00% 4.26% 

Benzo(g,h,i)-perylene 3.@JE+OO 5000 1 0.01 26 30 lE-06 70 10950 25550 2.29E-07 9.61E-06 -- 1.55E-01 -- 1.52E-06 0.00% 0.61% 

TOTAL 5.93E-05 1.87E-06 1 OO.cO% lOO.cO% 



SUh4MARY OF CHROMC DAlLY INTAKE (CM) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC WSKFRDM DEFUllAL CONTACT WITH SWACE SOIL 

SITE 13 

CURRENT SCENARJO 

SOIL - DERMAL 

WORKER ADULT 

CHEMCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc cm RID CSF HI CR % CONTRIB % CONTRIB 

msncs cmA2 mglcmA2 d/y Y  kghg kg d d mglkgld mgllcg/d mglkgld @vlkgld) - 1 NC RISK CARC RISK 

P-Methylnapthalene 

Dibenzofuran 

Pentachlorophenol 

Phenanthrene 

Benzo(a)-anthracene 

Benzo(b)fluoranthtene 

Benz0 (a)-pyrene 

indeno(l,2+cd)-pyrene 

Benzo(g,h,i)-perylene 

4.10E-01 

6.70E-01 

130E+Ol 

7.QOE+OO 

l.OOE+Ol 

1.3OE+Ol 

6.4OE+Oa 

4.OOE+OO 

3.6OE+00 

5aw 

5600 

5600 

5600 

5600 

5600 

56ou 

56M) 

5.300 

1 0.01 250 25 IE-06 70 

1 0.01 250 25 iE-06 70 

1 0.01 250 25 lE-06 70 

1 0.01 250 25 IE-06 70 

1 0.01 250 25 lE-06 70 

1 0.01 250 25 iE-06 70 

1 0.01 250 25 lE-06 70 

1 0.01 250 25 iE-06 70 

1 0.01 250 25 IE-06 70 

9125 25550 2.33E-07 

9125 25550 494E-07 

9125 25550 7.36E-06 

9125 25550 4&E-06 

9125 25550 566E-06 

9125 25550 7.38E-06 

9125 25550 3.63E-06 

9125 25550 2.27E-06 

9125 25550 2.04E-06 - 

6.31E-06 4.OOE-02 -- 5.62E-06 - 1.10% 0.00% 
1.76E-07 4.OOE-03 -- 1.23E-04 - 23.30% 0.00% 

2.aE-06 3.OOE-02 1.20E-01 2&E-04 3.16E-07 46.42% 2.26% 
1.6OE-06 2.QOE-02 -- 1.55E-04 - 29.16% 0.00% 

2.03E-06 - - 7.30E-01 -- 1.46E-08 0.00% 10.65% 
2.63E-06 -- 7.30E-01 -- l.Q2E-06 0.00% 13.64% 
1.30E-06 -- 7.30E+OO -- 9.47E-06 0.00% 66.16% 
6.ilE-07 -- 7.30E-01 -- 592E-07 0.00% 4.26% 
7.30E-07 -- 1.55E-01 -- l.l3E-07 0.00% 0.61% 

TOTAL 5.30E-04 1.3QE-05 100.00% 100.00% 



SUMMARY OF CHRDNtC DPJLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CAJXXNOGENIC WSKFROM INGESTION OF SURACE SCltL 

SITE 13 

FUTURE SCENAFMO 

SCtL - INGESTION 
RESIDENT CHILD 

CHEMCAL 

cs 

m3Plcg 

II3 FI EF ED CF BW ATnc ATc Cmlc CDIC FUD CSF HI CR % CONTRIB % CONTRIB 
mgld % Y kglmg kg d d mgkgld mglkgid mgikgld Fwkgld) - 1 NC RtSK CARC RISK 

2-Methylnapthelene 4. IOE-ot 

Dibenzofuran 6.70E-01 

Penfachlorophenol 1.30EtOi 
Phewnthrene 7.9OE+OO 

Benzo(a)-anthracene l.OOE+ol 

Benzo(b)lluoranthtene 1.30E+Ol 

Benzo (a)-pyrene 64OE+OO 

indeno(l,2+cd)-pyrene 4.OOE+M1 

Benzoo-perylene 3.6UE+OO 

200 

200 

200 
200 

200 

200 

200 
200 

253 

8 lE-06 

.e lE-06 

6 IE-06 
6 iE-06 

6 IE-06 

6 if-06 
6 IE-06 

6 IE-06 

6 IE-06 

15 
15 

15 
15 

15 

15 
15 

15 

15 

2190 

2190 

2190 
2190 

2190 

2190 
2190 

2190 

2190 

25550 

25550 
25550 

25556 

25550 
25550 

25550 . 

25550 

5.24E-06 4.49E-07 4.OOE-02 -- 1.31E-04 -- 1.10% 0.00% 
i.llE-05 9.53E-07 4.COE-03 -- 2.76E-03 -- 23.30% 0.00% 
1.66E-04 1.42E-05 3.OOE-02 12OE-01 5.54E-03 1.7iE-06 4642% 2.26% 
l.OlE-04 8.66E-06 2.9OE-02 -- 3.46E-03 -- 29.16% 0.00% 
1.2fJE-04 l.lOE-05 -- 7.3OE-01 -- &OoE-06 0.00% 10.65% 
1.66E-04 1.42E-05 -- 7.30E-01 -- l.O4E-05 0.00% 13.64% 
8.16E-05 7.0lE-06 -- 7.30E+OO -- 5.12E-05 0.00% 66.16% 
5.ilE-05 4.3EE-06 -- 7.30E-01 -- 3.20E-06 0.00% 4.26% 
4.60E-05 3.95E-06 -- 1.55E-01 -- 6.12E-07 0.00% 0.61% 

TOiAL 1.19E-02 7.51E-05 100.00% 100.00% 



SUMMARl a CHRONIC DPlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCiNOGENlC FUSK FROM INGESTlON OF SUAACE SOIL 

SITE 13 

FUTURE SCENAFPO 

SOIL - INGESTION 

RESIDENT ADULT 

CHEMCAL 

cs IR FI EF ED CF BW ATnc 

msha mgld d/y v kglmg kg d 

ATc CDlnc CDIC FUD CSF HI CR % CONTRIE % CONTRIB 
d mglkgid mglkgld mgikgld (ma/kg/d)- 1 NC RISK CARC RISK 

P-Melhylnapthalene 

Dibenzoluran 

PenBchlorophenol 

Pheranlhrene 

Benzo(a)-anthracene 

Benzo(b)fluoranthtene 

Benz0 (a)-pyrene 

indeno(i,2,&cd)-pyrene 

Benzo(g,h,i)-peiylene 

4.1OE-01 

8.70E-01 

1.30E+01 

7.SOE+OO 

l.OOE+Ol 

1 JOE+01 

6.4OE+OO 

4.OOEiOO 

3.60E+OO 

too 

100 

100 

100 

100 

100 

100 

100 

100 

1 

350 

350 

350 

350 

350 

350 

350 

350 

350 

30 

30 

30 

30 

30 

30 

30 

30 

30 

1E-06 

IE-06 

IE-06 

lE-06 

lE-06 

IE-06 

lE-06 

iE-06 

iE-06 

70 

70 

70 

70 

70 

70 

70 

70 

70 

10950 25550 5.62E-07 

10950 25550 1.19E-06 

10950 25550 1.70E-05 

10950 25550 l.OBE-05 

10950 25550 1.37E-05 

10950 25550 1.76E-05 

10950 25550 8.77E-06 

10950 25550 5.48E-06 

10950 25550 4.93E-06 

2.41E-07 4.00E-02 -- i&E-05 -- 1.10% 0.00% 

5.11E-07 4.OOE-03 - - 2.96E-04 -- 23.30% 0.00% 

7.63E-06 3.OLlE-02 IJOE-01 5.94E-04 9.16E-07 4642% 2.20% 
4.64E-06 2.QOE-02 -- 3.73E-04 -- 29.10% 0.00% 

5.67E-06 -- 7.3OE-01 -- 4.29E-06 0.00% 10.65% 

7.63E-06 -- 7.3OE-01 -- 5.57E-06 0.00% 13.64% 
3.76E-06 -- 7.30E+OO -- 2.74E-05 0.00% 60.16% 

2.35E-06 -- 7.30E-01 -- 1.71E-06 0.00% 4.26% 

2.1lE-06-- 1.55E-01 -- 3.26E-07 0.00% 0.01% 

TOTAL 1.26E-03 4.02E-05 100.00% lM).oo% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTlAL NONCARCINOGENIC 

AND CARUNOGEMC RISKFROM DERMALCONTACT WITH SUR=ACE SOIL 

SITE 13 

FUTURE SCENAWO 

SOIL - OERMAL 

RESIDENT CHILD 

CHEhnCAL 

cs SA w ABS EF ED CF BW ATnc ATc CMnc CDIC RI3 CSF HI CR % CONTRIB % CONTRIB 

mslks cm^2 mglcm^2 d/y Y  kglmg kg d d mglkgld mglkgld mglkgld (mglkgldb 1 NC RISK CARC RISK 

P-Methylnaplhalene 

Dibenzofuran 

Pentechlorophenol 

Phewnthrene 

Benzo(a)-anthracene 

Benzo(b)fluoranlhlene 

Benz0 (a) - pyrene 

indeno(l,2,3-cd]-pyrene 

Eenzo(g,h,i)-perylene 

4.iOE-01 

6.70E-01 

1.3OE+ol 

79OE+OO 

t.ooE+Ol 

1.3OE+Ol 

64OE+OO 

4.OOE+C+J 

3.6OE+OO 

1820 

1820 

1820 

1620 

1820 

1820 

1820 

1620 

1820 

1 0.01 

1 0.01 

1 ,O.Ol 

1 0.01 

1 0.01 

1 0.01 

1 0.01 

1 0.01 

1 0.01 

350 

350 

350 

350 

350 

350 

350 

350 

350 

IE-06 15 2190 25550 4.77E-07 

lE-06 15 2190 25550 l.OlE-06 

iE-06 15 2190 25559 1.51E-05 

1E-06 15 2190 25550 9.19E-06 

IE-06 15 2190 25550 1.1E-05 

iE-06 15 2190 25550 ISIE-05 

lE-06 15 2190 25550 7.45E-06 

iE-06 15 2190 25550 4.65E-06 

IE-06 15 2190 25550 4.19E-06 

4.09E-08 4.OOE-02 -- i.i9E-05 - 1.10% 0.00% 

6.66E-06 4.OOE-03 -- 2.53E-04 - 23.30% 0.00% 

IJOE-06 3.OOE-02 1.20E-01 5.04E-04 1.56E-07 46.42% 2.28% 
7.66E-07 2.9oE-02 -- 3.17E-04 - 29.16% 0.00% 

9.97E-07 -- 7.3oE-01 -- 7.26E-07 0.00% 10.65% 

1.30E-06 -- 7.30E-01 -- 9.46E-07 0.00% 13.04% 

6.36E-07 -- 7.30E+00 -- 4.66E-06 0.00% 60.16% 

3.99E-07 -- 7.30E-01 -- 2.91 E-07 0.00% 4.26% 

3.59E-07 -- 1.55E-01 -- 5.56E-06 0.00% 0.01% 

TOTAL i.O9E-03 6.84E-06 100.00% 100.00% 



SUMMARY OF CHRONIC DAlLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARCINOGENIC RISKFROM DEFMAL CONTACT WITH SUMACE SOIL 

SITE 13 

FUTURE SCENAf30 
SCXL - DERMAL 

RESIDENT ADULT 

CHEMCAL 

cs SA A!= ABS EF ED CF EW ATnc ATc CMnc CC4C RtD CSF HI CR % CONTAll % CDNTRIB 

mg/kg cm-2 mglcmA2 dly Y  kglmg kg d d mgikgld mglkgld mglkgld Owkctld)-1 NC RISK CARC RISK 

P-Methylnapthalene 

Dibenzofuran 

Penbchlorophenol 

Pheriwthrene 

Senzo(a)-anthmcene 

Senzo@)fluoranthtene 

_ Benz0 (a)-pyrene 

indeno(l,2,+cd)-pyrene 

Senzo(g,h,i)-perylene 

4. tOE-ot 5800 
8.70E-01 5800 

1 JOE+01 58M) 

7.9OE+OO 5800 

1 .OOE+Ol 58cKl 

13OE+Ol 5800 

64OE+O6 5800 

4.00E+00 5800 

3.6OE+W 5mo 

1 0.01 

1 0.01 

1 0.01 

i 0.01 

1 0.01 

t 0.01 

1 0.01 

1 0.01 

1 0.01 

350 30 IE-06 70 

350 30 lE-06 70 

350 30 tE-06 70 

350 30 lE-06 70 

350 30 1E-06 70 

350 30 lE-06 70 

350 30 lE-06 70 

350 30 lE-06 70 

350 30 IE-06 70 

10950 25550 

10950 25550 

10950 25550 

10950 25550 

10950 25550 

10950 25550 

10950 25550 

10950 25550 

10950 25550 

3.26E-07 1.4OE-07 4.OOE-02 -- 8.14E-06 - 1.10% 0.00% 
6.91E-07 2.96E-07 4.OOE-03 -- 1.73E-04 - 23.30% 0.00% 
l.O3E-05 4.43E-06 3.OOE-02 1.2OE-Of 3.44E-04 5.31E-07 4642% 2.28% 

6.28E-06 2.69E-06 2.9OE-02 -- 2.16E-04 - 29.18% 0.00% 

7.95E-06 3.41E-06 -- 7.30E-01 -- 2.49E-06 0.00% 10.65% 

i.O3E-05 4.43E-06 -- 7.3OE-01 -- 3.23E-06 0.00% 13.84% 
5.08E-06 2.18E-06 -- 7.30E+00 -- - 1.59E-05 0.00% 68.i6% 
3.18E-06 1.36E-06 -- 7.30E-01 -- 9.94E-07 0.00% 4.26% 

2.86E-06 i.23E-06 -- 1.55E-01 -- 1.9OE-07 0.00% 0.81% 

TOTAL 7.42E-04 2.33E-05 too.oo% 100.00% 



CONSTR-UENTS DETECTED IN SUBSURFACE SOIL SAMPLES 
SlTE 13 

NAVAL AMPHIBIOUS BASE - LITTLE CREEK 
VIRGINiA BEACH. VIRGINIA 

Constituent 

VOLATILES 
Acetone 
Ethylbenzene 
Xylene 

SEMI-VOiATILES 
Naphthalene 
P-Methylnaphthslene 
Pentachlorophenol 
Bis (2) ethylhaxphthalate 

Frequency Range of Detected Federal Tap Health Virginia 
of Concentrations MCL Water Advisory Water Stds. 

Detectfan (ug/kg) @sAl [al (w/l) PI (us/J ICI kd) WI 

11 3 130j 370 
II 3 17j 3100 130 700 3100 
2/- 3 120 - 190 1200 10000 

11 3 85j 150 
21 3 120 - 6300 
31 3 30000 - 890000 0.28 0.56 1 

I 11 3, 55j 1.8, 4.8, 

Notes: 
a. MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values obtained from July 11,1994 USEPA Region Ill Risk-Based 

Concentration Table using a target hazard quotient of 0.1, and a target cancer risk of le-06. 
c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 

publication “Drinking Water Regulations and Health Advisories.” 
d. Virginia Water Standards for public water supplies. 

Potentia 
Concerr 

NO 
NO 
NO 

NO 
YES 
YES 
NO 



Constituent iequency Range of Detected Residential Soil 
of Concentrations Concentration 

Detection (ug/kg) (uglk9) [al 

Potential 
Concerr 

VOLATILES 
Acetone 
Ethylbenzene 
Xylene 

SEMI-VOLATILES 
Naphthalene 
P-Methylnaphthslene 
Pentachlorophenol 
Bis (2) ethylhexphthalate 

11 3 
11 3 
21 3 

11 3 
21 3 
31 3 
11 3 

130j 7.8OE+O5 
17j 7.80E+05 

120 - 190 1.60E+07 

NO 
NO 
NO 

85 j 
120 - 6300 

30000 - 890000 5.30E+03 
55 J 4.60E+04 

YES 
YES 
YES 
NO 

Notes: 
a. Residential Soil Concentration values obtained from July 11.1994 USEPA Region Ill Risk-Based 

Concentration Table using a target hazard quotient of 0.1, and a target cancer risk of 1 e-06. 

CONSTlTUENTS DETECTED IN SUBSURFACE SOIL SAMPLES 
SITE 13 

NAVAL AMPHIBIOUS BASE - Ll-lTLE CREEK 
VIRGINIA BEACH, VlRGlNlA 



SUMMARY OF CHRONIC DPILY INTAKE (CDI) AND POTENTlALNONCARClNOGENlC 

AND CARCINOGENIC FUSKFFKM INGESTION W SUBSUAACE SolL 

SITE 13 

FUTURE SCENAFIO 

SolL - INGESTION 
RESIDENT CHILD 

CHEMCAL 
cs 

msh 

IR FI EF ED CF BW ATnc ATc CCinc CDlc RfD CSF HI CR % CONTRIB % CONTRIB 

mgld d& Y kglmg kg d d mg/kg/d mglkgld mglkgld PwIWd) - 1 NC RISK CARC RISK 

Naphthalene 65oE-02 200 1 350 6 IE-06 15 2190 25550 1.09E-06 932E-08 l.OOE-01 -- l.O9E-05 -- 0.00% 0.00% 
2-Methylnapthlene MOE+00 200 1 350 6 lE-06 15 2190 25550 6.05E-05 6.9OE-06 4.COE-02 -- 2.01E-03 -- 0.53% 0.00% 
Pentachlorophenol asQE+o2 200 1 350 6 IE-06 15 2190 25550 l.l4E-02 9.75E-04 XOOE-02 1.2OE-01 3.79E-01 l.l7E-04 9947% 100.00% 

TOTAL 3.61E-01 i.l7E-04 100.00% 100.00% 



SUMMARY ff CHRONIC DAILY INTAKE (CD]) AND POTENTlAL NONCARCINOGENIC 

AND CARCiNOGENlC RISKFROM INGESTlON OF SUBSURACE SOIL 

SITE 13 

FUTURE SCENAFIO 

SOIL - INGESllON 

RESIDENT ADULT 

CHEMCAL 

Naphthalene 

P-Methylnapthlene 

Penkxchlorophenol 

cs II7 FI EF ED CF BW ATnc ATc CDlnc CDIC RID CSF HI CR % CONTRIB % CONTRIB 

mg/kg mgld dhr Y kglmg kg d d mgikgld mglkgld mgikgld O-wllcg/d)- 1 NC RISK CARC RISK 

FJSOE-02 100 1 350 30 1lh6 70 10950 25550 1.16E-07 4.99E-08 l.tXJE-Ol-- l.l6E-Of3 -- O.W% 0.00% 

KiOE+CG 100 1 350 30 IE-06 70 10950 25550 8.63E-08 3.70E-06 4.OOE-02 -- 2.16E-04 -- 0.53% 0.00% 

&WE+02 100 1 350 30 lE-08 70 10950 25550 i.22E-03 5.23E-04 3.OOE-02 1.2OE-01 4.06E-02 6.27E-05 Q!2 47% 1W.O0% 

TOTAL 4.09E-02 627E-05 lOO.rM% 100.00% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTlAL NONCARCINCIGENIC 

AND CARCINOGENIC RISK FROM DERMAL CONTACT WITH SUBSUAACE SOIL 

SITE 13 

FUTURE SCEMO 

SDtL - DERMAL 

RESIDENT CHILD 

CHEMCAL 

cs SA AF ABS EF ED CF BW ATnc ATc CDlnc cm RfD CSF HI CR % CONTRIB % CONTRIB 

w/kg cm^2 mg/cmA2 dlv Y  kghg kg d d mglkgld mglkgld mglkgld (mgIkg/d) - 1 NC RISK CARC RISK 

Naphthalene 8.50E-02 1820 1 0.01 350 6 IE-06 15 2190 25550 9.8QE-08 8.48E-OQ i.OOE-Ol-- 9.8gE-07 - 0.00% 0.00% 

2-Methylnaptbalene 630E+OI) 1820 1 0.01 350 6 tE-08 15 2190 25550 7.33E-06 6.28E-07 4.COE-02 -- 1.83E-04 - 0.53% 0.00% 

Penfachlorophenol 8.90E+O2 1820 1 0.01 350 6 IE-06 15 2190 25550 l.O4E-03 8.88E-05 3.OOE-02 1.20E-01 3.45E-02 l.O7E-05 99.47% 100.00% 

TOTAL 3.47E-02 i.O7E-05 100.00% 100.00% 



SUhlMAf+YCG CHRONIC DAILY INTAKE (CDI) AND POlENTlAL NONCARCINOGENIC 

AND CAIXINOGENIC fUSK FROM DERMAL CONTACT WITH SUBSUFF ACE SOIL 

SITE 13 

FUTURE SCENARO 

SOIL - DERMAL 

RESIDENT ADULT 

CHEMCAL 

Naphlhalene 

2-Methylnapthalene 

Pentachlorophenol 

TOTAL 

cs SA AF ABS EF ED CF EIW ATnc ATc CDhC CDtC WD CSF HI CR % CONTRIS % CONTRIB 

wFg cm-2 mg/cm*l W Y  kglmg kg d d mglkgld mglkgld mglkgld (mglkg/d)- f NC RISK CARC RISK 

MOE-02 5800 1 0.01 350 30 lE-06 70 10950 25550 675E-08 2..39E-03 l.OOE-Oi-- &75E-07 - 0.00% 0.00% 
&JOE+00 5800 1 0.01 350 30 lE-06 70 10950 25550 5.01E-06 2.15E-06 4.OOE-02 -- 1.25E-04 - 0.53% 0.00% 
8.9OE+O2 5800 1 0.01 350 30 iE-06 70 10950 25550 7.07E-04 3.03E-04 3.OOE-02 1.20E-01 2.36E-02 3.64E-05 99.47% 100.00% 

2.37E-02 3.64E-05 lM1.00% 100.00% 



CONSTITUENTS DETECTED IN GROUNDWATER SAMPLES 
SITE 13 

NAVAL AMPHIBIOUS BASE - LllTLE CREEK 
VIRGINIA BEACH, VlRGlNlA 

Constituent Frequency Range of Detected Federal Tap Health Virginia Ground Potential 
of Concentrations MCL Water Advisory Water Stds. Concern 

Detection (us/l) (ug/l) [a] @g/l) [b] (us/l) [cl (us/l) [d] 

VOLATILES 
Vinyl chloride 2 I 64j - 200.0 2 0.019 2 YES 
Carbon Disulfide 11 6 2j 2.1 NO 
1 ,I -Dichloroethane 11. 6 7j 81 NO 
1 ,P-Dichloroethene (total) 11 6 5j 5.5 70 NO 
Trichloroethene 4 I Slj - 5j 2.7 1.6 5 YES 
Tetrachloroethene 21 62j - 7j 0.6 1.1 5 YES 
1 ,l ,2,2-Tetrachloroethane 11 6 55 0.17 0.052 YES 
Toluene 11 6 2j 6800 75 1000 NO 
Chlorobenzene 21 63j - 110 680 3.9 YES 
Ethylbenzene 21 66j - 15 3100 130 700 NO 
Xylene 21 65j - 77 1200 10000 NO 

SEMIVOLATILES 
1,4-Dichlorobenzene 11 6 lj 400 0.44 75 NO 
Naphthalen& 21 63j - 96j 150 NO 
P-Methylnaphthalene 11 6 170j NO 
Acenaphthene l/ 6 .lj 220 NO 
Dibenzofuran 11 6 2j NO 
Fluorene 11 6 lj 1300 150 NO 
Peniachlorophenol 3 I 620j - 1700 0.28 0.56 1 YES 

Notes: 
a. Federal MCL concentration values represent US Federal Maximum Contaminant Level for potable water supplies. 
b. Tap Water Concentration values obtained from July Ii,1994 USEPA Region Ill Risk-Based 

Concentration Table using a target hazard quotient of 0.1. 
c. Health Advisory Concentration values obtained from December 1993 USEPA Office of Water 

publication “Drinking Water Regulations and Health Advisories.” 
d. Virginia Groundwater Standards Applicable Statewide. 



SUMhWlY OF CHRDMC DAILY INTAKE (CDI) AND POTENTlAl NONCARClNDGENtC 

AND CARCINDGEMC IUSKFROM INGESTlON OF GROUNWATER 
SITE 13 

FUTURE SCENARO 

GROUNDWATER - INGESTlDN 
RESIDENT (EXPOSED AS TRESPASSER/fIECREATlONAL) CHILD 

cw CR EF ED CF BW ATnc ATc CCfnc CDic RfD CSF HI CR % CONTRIB % CONTRIB 
g CHEMCAL u IL Ud dlL Y mglug kg d d mglkgld (w/kg/d) - 1 NC RISK CARC RISK 

Vinyl Chloride 2,OOE+02 1 14 6 IE-03 15 2190 25550 5.11E-04 4.38E-05 -- 1xJE+OO -- 8.33E-05 0.00% 63.82% 

Trichloroethene 5.OOE+OO 1 14 6 IE-03 15 2190 25550 1.28E-05 l.lOE-06 B.OOE-03 l.lOE-02 2.13E-03 1.21E-08 1.31% 0.01% 
Telrachloroethene 7.OOE+OO 1 14 6 lE-03 15 2190 25550 1.79E-05 1.53E-06 l.M)E-02 5.20E-02 1.7QE-03 7.QEE-08 1.10% 0.06% 
1,1,2,2-Tetrachloroelhane 5.5OE+Ol 1 14 6 IE-03 15 2190 25550 1.4lE-04 1.2lE-05 -- 2.ODE-01 -- 2.4lE-08 0.00% 1.85% 
Chlorobenzene l.lOE+O2 1 14 8 IE-03 15 2193 25550 2.81E-04 2.4lE-05 2.00E-02 - - 1.41E-02 -- 8.63% 0.00% 

Penlachlorophend 1.70E+03 1 14 6 iE-03 15 2190 25550 4.35E-03 3.73E-04 3.OOE-02 12OE-01 1.45E-01 4.47E-05 88.96% 34.26% 

TOTAL 1.63E-01 1.3lE-04 100.00% lOD.OO% 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENTIAL NONCARClNOGENiC 

AND CARCINOGEMC RISKFROM INGESTION OF GROUNIMTATER 
SITE 13 

FUTURE SCENAFUO 

GROUNDWATER - INGESTION 

RESIDENT (EKFOSED AS TRE!PASSEWRECREATlONAL) ADULT 

cw CR EF ED CF BW ATnc 

CHEMCAL w/L Ud dh’ Y  mg/ug kg d 

Vinyl Chloride 2.OOE+02 2 28 30 IE-06 70 10950 

Trichloroethene 5.OG+w 2 28 30 l,E-06 70 10950 

Tehachloroethene 7.OOE+OO 2 20 30 IE-06 70 10950 
1,1,2,2-Telmchloroelhane 5.50E+Oi 2 20 30 IE-06 70 10950 

Chlorobenzene i.lOE+02 2 28 30 IE-06 70 10950 

Pentlchlorophenol 1.70E+03 2 28 30 lE-06 70 10950 

TOTAL 

ATc 

d 

25550 

25550 

25550 
25550 

25550 

25550 

CDlnc CDlc AD CSF HI CR % CONTRIB % CONTRIB 

mgFg/d mgikgld mglkgld (mg/kg/d)- 1 NC RISK CARC RISK 

4.38E-07 l.&!.E-07 -- 1.9OE+OO -- 3.57E-07 0.00% 63.82% 

l.lOE-08 4.70E-09 6OOE-03 i.iOE-02 i.63E-06 5.17E-11 1.31% 0.01% 

1.53E-08 6.58&09 1.00E-02 5.20E-02 1.53E-06 3.42E-10 1.10% 0.06% 
1.21E-07 5.17E-08 -- 2.OOE-01. -- l.O3E-08 0.00% 1.85% 

2.4lE-07 1.03E-07 2.OOE-02 -- 1.21E-05 -- 8.63% 0.00% 

3.73E-06 l.uJE-06 3.OOE-02 1.20E-01 1.24E-04 1.92E-07 80.96% 34.26% 

1.4OE-04 5.59E-07 100.00% 1 0000% 



SUMMARY a CHRDMC LMULY INTAKE (CDI) AND WTENTTAL NDNCARCINDGEMC 

AND CARCINOGENIC RfSK FROM DEFMAL CONTACT WITH GROUNDWATER 

SITE 13 

FUTURE SCENAMO 

GRDUNDWATER - DERMAL 
RESIDENT (EKPDSED AS TRESPASSER/RECREATIONAL) CHILD 

CHEMCAL 

cw SA PC ET EF ED CF BW ATnc ATc CDfnc CDIC RD CSF HI CR % CONTRIE % CONTRIB 

&IA cm^2 cmhr hr/d d/y y L mg/cm^3 ug kg d d mglkgld mglkgld mgikg/d (mg/kg/d)- 1 NC RISK CARC RISK 

Vinyl Chloride 29OE+O2 7260 0.0973 l 0.2 14 6 lE-06 15 2190 25550 2.72E-05 2.33E-06 -- 1.90E+00 -- 4.43E-06 0.00% 2.05% 

Trfchloroelhene S.rX?E+OO 7260 0.23** 0.2 14 6 IE-06 15 2190 25550 2.14E-05 1.63E-06 6.M)E-03 l.tOE-02 3.57E-03 2.02E-06 0.51% 0.01% 

Tetmchloroethene 7.9QE+00 7260 0.37 l * 0.2 14 6 IE-06 15 2199 25550 4.82E-05 4.13E-06 1.9OE-02 529E-92 462E-03 2,15E-07 0.69% 0.10% 
1 ,1,2,2-Tetrachloroethane 5.50E+Ol 7260 0.009 l 0.2 14 6 iE-06 15 2190 25550 9.2lE-06 7.RJE-07 -- Z.oOE-01 -- 1.53E-07 O.W% 0.07% 

Chlorobenzene l.lOE+O2 7266 0.041 l 0.2 14 6 IE-06 15 2190 25556 649E-05 7.20E-06 2.00E-02 -- 42OE-03 - 0.60% 0.00% 

Penfachlorophenol 1.70E+03 7260 0.65 l 0.2 14 6 IE-06 15 2199 25550 2.06E-02 1.76E-03 3.09E-02 1.20E-01 666E-01 2.12E-04 98.20% 97.77% 

TOTAL 696E-01 2.16E-04 lOO.OU% 100.00% 

l Chemical specific dermsl permeability constant-estimated value, USEPA 1992 
l * Chemical specific dermal permeability constant-measured, USEPA 1992 

l ** Chemical specific dermal permeability constant-default value, USEPA, 1992 

**** Chemical specific dermal permeability constmt (PC) not available. Used water PC, USEPA 1992. 



SUMMARY OF CHRONIC DAILY INTAKE (CDI) AND POTENllAL NONCAfUX’jOGEMC 

AND CAJIUNOGEMC WSKFROM DERMAL CONTACT WITH GROUNDWATER 

SITE 13 

FUTURE SCENAMO 

GROlJNDWATEfl - DERMAL 

RESIDENT (EKPOSED AS TRESPASSER/RECREATIONAL) ADULT 

CHEMCAL 
cw SA PC ET EF ED CF SW ATnc ATc CDfnc cDlc AD CSF HI CR % CONTRIB % CONTRIS 

%I~ cm*2 cmlhr hr/d d/y y L mg/cm*3 ug kg d d mgikgld mglkgld mgil?$d bwka/d)-1 NC RISK CARC FtfSK 

Vinyl Chloride 2.OOE+02 23096 0.0073 l 0.2 26 30 IE-06 70 10950 25550 3.66E-05 158E-05 -- 19OE+00 -- 3.9OE-05 0.00% 2.05% 
Trfchloroethene 59OE+Oo 23000 0.23 l ’ 0.2 26 30 lE-06 70 10950 25550 2.9OE-05 1.24E-05 6OOE-03 l.lOE-02 4.63E-03 1.37E-07 0.51% 0.01% 
Tetrachloroethene 79OE+tX! 23090 0.37 l * 0.2 26 30 IE-06 70 10950 25550 6.53E-05 2.60E-05 1 .OOE-02 5.20E-02 6.53E-03 1.45E-06 0.69% 0.10% 
1,1,2,2-Tetrachloroethane 5,50E+Ol 23000 0.009 l 0.2 20 30 IE-06 70 10950 25550 1.25E-05 535E-06 -- 2.OOE-01 -- l .07E-06 0.00% 0.07% 
Chlorobenzene f.lOE+O2 23009 0.041 l 0.2 20 30 IE-06 70 10950 25550 1.14E-04 467E-05 2.tME-02 -- 5.66E-03 - 0.60% 0.00% 
Pentachlorophenol 1.70E+03 23CCiJ 0.65 l 0.2 26 30 IE-06 70 10950 25550 2.79E-02 l.l9E-02 3.OOE-02 1.20E-01 9,26E-01 1.43E-03 95.20% 97.77% 

TOTAL 9.45E-01 1.47E-03 100.00% 1 c6.00% 

* Chemical specific dermal pemwability consfant-estimated value, USEPA 1992 

l * Chemical specific dermaf permeability constant-measured, USEPA 1992 
*** Chemical specific dermal permeability consfant-default value, USEPA, 1992 

**** Not available chemical specific dermal permeability constant (PC). Used PC of water, USEPA 1966 



SUMMARY U= CHMNtC DAlLY INTAKE (CDI) AND POTENTIAL NONCAlXlNOGENlC 

AND CARCtNOGEMC RtSKFROY INHAlAllON OF GROUNDWATER 

SITE 13 

FUTURE SCENAHO 

GROUNDWATER - INHALATlON 
RESIDENT (EXPOSED AS TRESPASSEfURECREATlO~ CHiLD 

CHEMCAL 

cw CF 

ugn wtug 

WV RV IR EF ED BW ATnc ATc CDlnc CDIC WDi CSFi HI CR % CONTRIB % CONTRIB 

L m3 m3/d d&r yr kg d d mglkgld w&N mglkgld pwkg/d)- 1 NC RJSK CAFtC AISK 

Vinyl Chloride 2.WE+02 t.OE-03 2.OE+M 12 0.12 14 9 15 3265 25550 t.O2E-03 1.32E-04 -- 3.OOE-01 O.WE+OO 395E-05 0.00% 64.26% 
Trichloroelhene 5.COE+W l.OE-03 2.OE+M 12 0.12 14 9 15 3265 25550 2.56E-05 3.2QE-06 -- &WE-03 O.WE+W l.Q7E-06 0.00% 0.04% 
Telmchloroethene 7.OOE+W t.OE-03 2.OE+02 12 0.12 14 9 15 3285 25550 3.58E-05 4.6OE-06 -- 2.03E-03 O.OOE+OO 9.34E-OQ 0.00% 0.02% 
1,1,2,2-Tetrachloroethene 5SOE+Ol l.OE-03 2.OE+M 12 0.12 14 9 15 3265 25550 2.6lE-04 3.62E-05 -- 2.03E-01 O.WE+OO 7.34E-06 0.00% 15.88% 
Chlorobenzene l.lOE+02 l.OE-03 2.OE+M 12 0.12 14 9 15 3265 25550 5.63E-04 7.23E-05 5.7lE-03 -- 9.65E-02 O.OOE+OO 100.00% 0.00% 
Penfachlorophenol 1.70E+03 i.OE-03 2.OE+02 12 0.12 14 9 15 3205 25550 &6QE-03 1.12E-03 -- -- O.OOE+OO O.OOE+W 0.00% O.W% 

TOTAL Q.t35E-02 4.66E-05 lW.OO% iW.W% 



SUMMARY OF CHRONIC DPJLY INTAKE (CDI) AND POTENTIAL NONCARCINOGENIC 

AND CARClNOGEMC RSKFROM INHALATION OF GROUNDWATER 
SITE 13 

FUTURE SCEMO 

GROUNDWATER - INHALATION 

RESIDENT (EXPOSED AS TFIESPASSEFURECWATIONAL) ADULT 

CHEMCAL 

cw CF 

ugn slug 
WV RV IR EF ED SW ATnc ATc CDlnc cm FUDI CSFi HI CR % CONTRIB % CONTRIS 

I m3 m3/d d/yr yr kg d d mglkgld mgkgld mglkgld (mglkgld) - t NC RISK CARC RISK 

Vinyl Chloride 2&xX+02 l.OE-03 2.OE+02 12 0.12 28 30 70 10950 25550 4.38E-04 l.ME-04 -- 3.OOE-01 O.OOE+OO 5.64E-05 0.00% 04.26% 
Trichlorcethene 5.OOE+OO l.OE-03 2.OE+02 12 0.12 28 30 70 10950 25550 l.tOE-05 4.70E-06 -- 6.OOE-03 O.OOE+OO 2.82E-08 O.W% 0.04% 
Tetrachloroethene 7.OOE+00 i.OE-03 2.OE+02 12 0.12 28 30 70 10950 25550 1.53E-05 6.58E-06 -- 2.03E-03 O.OOE+OO 1.33E-08 0.00% 0.02% 
1,1,2,2-Tetrachloroethane 5SOE+Ot l.OE-03 2.OE+02 12 0.12 28 30 70 10950 25550 1.21E-04 5.17E-05 -- 2.03E-01 O.OOE+M) i.OSE-05 0.00% 15.68% 
Chlorobenzene t.lOE+M l.OE-03 2.OE+O2 12 0.12 20 30 70 10950 25550 2.41E-04 l.O3E-04 5,71E-03 -- 4.22E-02 O.OOE+OO 100.00% 0.00% 
Penlachlorophenol 1.70E+03 1 .OE-03 2.OEt02 12 0.12 20 30 70 10950 25550 3.73E-03 1.6OE-03 -- -- OBOE+00 O.OOE+OO 0.00% 0.00% 

TOTAL 422E-02 8.6X-05 lOO.OG% lW.O% 
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APPENDIX 0 : APPLICABLE REMEDIAL TECHNOLOGIES 

This appendix presents the specific remedial technologies associated with the general response actions listed in 
Section 8.5. The discussion of these remedial technologies associated with a typical cleanup of contaminated soil 
and water media were developed from: the Interim Final Guidance for Conducting RUFS under CERCLA (October 
1988); the Guidance on Remedial Actions for Contaukakd Groundwater at Superfund Sites (December 1988); the 
revised Handbook for Remedial Action at Waste Disposal‘ Sites (1985); experience on other hazardous waste 
projects; knowledge of new technologies; and the best professional judgement of FWES engineers and scientists. 
performing feasibility studies. 

0.1: No Further Action 

The No Further Action alternative is developed and evaluated to establish a baseline for comparison with other 
remedial alternatives for NAB Little Creek sites. CERCLA mandates a five-year review to be conducted to 
determine whether or not the contamination has spread. If necesszq, appropriate action would be considered at 
that time. 

0.2: Institutional Controls 

Institutional control options include access restrictions, deed restrictions, and public education programs. 

Access Restrictions: Fencing is one of the option to restrict direct access to the site. Most of the sites at NAB 
Little Creek are not fenced. Fencing is not viable at sites 11, 12, 13 which are operating facilities rather than 
landfills. Another form of access restriction is posting warning signs against the unauthorized access. This can 
eliminate the risk pathways associated with ingestion or dermal contact by a child or an adult casually wandering 
in. Fencing would not reduce any toxicity, mobility, or volume; and it won’t be effective in reducing exposure to 
groundwater contamination either. 

Deed Restrictions: Probable deed restrictions include prohibiting excavation or any other intrusive activities at the 
site. In order to reduce exposure to groundwater, installing new wells screened in the water table aquifer can be 
prohibited. A more severe measure would be prohibiting the use of existing wells within a certain distance from 
the site. 

Public Education Programs: As part of the community 
the potential risks and their magnitude. 

involvement effort, area residents would be appraised of 

0.3: Groundwater Containment Technologies 

Slurry Walls: Subs&ace barriers such as sheet piling cut-off walls or slurry walls constructed of low permeability 
material have been used on many sites to control groundwater movement. Vertical barriers control groundwater 
by restricting movement across the barrier. The slurry wall is constructed by backfilling an excavated trench with 
bentonite slurry. Sheet piling cut-off walls consist of interlocking metal sheets, which may be plasticcoated to 
prevent galvanic corrosion, that are driven into the ground using a pile driver or similar device. Construction of 
slurry walls is technically feasible unless the depth becomes excessive. Cost of this option depend on the area which 
needs to be covered and the depth. 

Slurry walls do not reduce the toxicity or volume of contaminated groundwater. They are effective in controlling 
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contaminated groundwater mobility if the bottom of the slurry wall intersects a natural xone of low permeability, 
i.e. a confining clay layer. At NAB Little Creek sites, almost the entire area has a clay layer underneath the till 
material and sand layer. This clay layer is encountered 20 feet bgs on an average and no more than 40 feet bgs. 
Therefore, slurry walls can be a potential comainment measure, keyed into the clay layer. 

Slurry walls are also used at some sites to reduce groundwater flow through the source and subsequent leaching of 
contaminants into the groundwater. At NAB Little Creek sites, these consideration do not apply. 

Other measures: Extraction wells are used as a containment measure, a discussion of which is presented under 
the collection technologies. Caps of various type present another groundwater containment option by preventing 
iniiltration, their discussion follows under soil containment technologies. 

Groundwater collection technologies involve the active manipulation (pumping) and management of groundwater 
prior to subsequent treatment and/or disposal. Collection technologies are utilized to remove the contaminated 
groundwater from the aquifer and to physically prevent or reduce plume migration. The selection of an appropriate 
groundwater collection system depends upon the objectives of the remedial action, the depth of contamination, and 
the geologic and hydrogeologic characteristics of the aquifer. 

Barrier Drain Systems: The barrier drain system uses trench drains, tile drains or dual media drains to collect 
and extract the groundwater downgradient of the contamination plume. This system is most useful in formations 
with low transmissivity and when the flow of contaminated groundwater must be controlled over a large area. It 
creates a continuous xone of influence in which groundwater flow is directed toward the drain. The major activities 
associated with construction of subsurface drains are trench excavation, trench stabilization, and installation of a 
perforated drain pipe and associated filter materials. The barrier drain extraction system is well-demonstrated and 
highly reliable. Drains installed to depths in excess of 30 feet are difficult to construct and generally do not perform 
well. Barrier drains involve long-term operations and do not treat the groundwater; but act only as a preliminary 
collection step. The cost to install barrier drains is relatively low to moderate. The hydrogeological characteristics 
at NAB Little Creek sites need to be properly modeled before this option can be considered. 

Extraction Wells: Extraction well systems consist of a series of wells installed into a stratum to remove 
contaminated groundwater. These systems are most useful in formations with high transmissivity. They can be 
installed and screened at any desired depth and location. The zone of influence and amount of water that can be 
pumped from these wells depends primarily on the aquifer characteristics. The extraction wells do not directly 
reduce the volume or toxicity of the contaminated water, but are used rather as a support process prior to 
implementing a treatment technology. Additionally, the wells can be used for gradient control to reduce the rate of 
contaminant migration. A .scheme of varying the flow rates can be used to optimize the removal from a specific 
xone of contamination. The extraction well system is well-developed and highly reliable at hazardous waste sites. 
The cost of extraction well systems depends on the number of wells, their depths, and the rate of pumping. The 
relative costs for this technology are moderate. This technology option will be considered for sites, where ex-situ 
groundwater treatment is deemed necessary. 

0.5: Soil Control Teshnoloeies 

Soil Monitoring: Soil monitoring would include periodic sampling and analysis of surface and subsurface soils. 
Soil monitoring technology is not effective in achieving response objectives or in meeting ARABS. However, soil 
monitoring is required to monitor soil contamination and to evaluate the progress and effectiveness of any soil 
remediation that is implemented at the site. Even if no soil remediation is implemented, monitoring at hazardous 
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waste sites is usually conducted to determine whether contaminant concentrations have decreased to safe levels 
though natural flushing and/or attenuation. Soil monitoring is easily implemented, but would require long-term 
management efforts. At NAB Little Creek, soil monitoring will have to be conducted if No Action or Limited 
Action alternatives are chosen at sites 7, 9, 10, 11, 12, and 13. 

Containment Technologic~: Containment Technology for in-situ containment of contaminated soils is capping the 
tammat& areas with a low permeability cover to reduce infiltration and subsequent leaching of contaminants 

Em the soil into the groundwater, and to reduce potential direct contact hazards. 

Capping: Three capping options will be considered: 1)a RCRA cap, 2) a multi-media (soil and HDPE liner) cap, 
and 3) an asphalt cap. 

A RCRA cap is a multi-layer cap satisfying the requirements of EPA’s RCRA Guidance Document, (Surface 
Impoundments, Liner Systems and Freeboard Control, July 1982). The RCIU cap consists of a two-foot thick 
compacted clay layer overlain by a high density polyethylene (HDPE) synthetic membrane liner, HDPE synthetic 
drainage net, and 2 to 3 feet of clean till and topsoil. The topsoil layer would be vegetated with grass to resist 
erosion. 

A multi-media cap is a simplified version of the RCRA cap, and would consist of a 6-inch sand layer, overlain by 
an HDPE liner and synthetic drainage net, overlain by 2 to 3 feet of cover soil, and vegetation to resist erosion. 

Asphalt is a low permeability material that can function in a similar manner as the other caps, but provides a usable 
area for parking or other land use needs. An HDPE liner can be included in the design to make the asphalt cap 
perform as well as the other caps in minimizing or eliminating infiltration. 

The placement of a cap over the contaminated soil areas of the site would provide containment and reduce potential 
surface contact hazards posed by contaminated soils. A cap is also effective in minimizing infiltration and 
subsequent leaching of contaminants in underlying soil. 

A RCRA cap and a multi-media cap are both considered extremely effective in limiting infiltration, and subsequent 
leaching of contaminants from the underlying soil. Both caps would require periodic maintenance to prevent 
excessive erosion and to ensure the continued integrity of the liners. 

An asphalt cap without a liner is not as effective in limiting infiltration as the other caps because asphalt is 
susceptible to cracking due to natural freeze/thaw cycles. However, an asphalt cap underlain by an HDPE liner 
would be equally as effective in minimizing infiltration as other multi-layer caps. Periodic maintenance of the 
asphalt would be required to ensure its continued integrity. 

All three types of caps are equally effective in reducing the potential for direct contact with contaminated soil, but 
none of the three technologies would be able to deal directly with the contaminated sediments in the Paradise Creek. 

All three types of caps could be implemented on NAB Little Creek Sites property to prevent direct contact with 
surface soils and limit infiltration through the subsurface contaminated soils. The RCRA cap would be the most 
difficult to implement because the overall thickness of a typical RCRA cap is 5 to 7 feet. If surface soil 
contamination surrounds existing buildingsor other structures, constructing a RCRA cap can be very difficult around 
those buildings. There is no such concern at landfill sites at NAB Little Creek, namely sites 7, 9, and 10; but sites 
11, 12, and 13 have many existing buildings. A multi-media cap would be easier to construct since it can be only 
3 to 4 feet thick. An asphalt cap would be the most desirable if current and future land use is to be considered since 
the asphalt cap could also be used for parking, etc. With the RCRA and multi-media caps, the capped area must 
be protected from future land use in order to protect the integrity of the cap. 
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0.6: Soil Rtmoval Technolonies 

The potentially applicable te&nology for removal of contaminated soil is excavation. 
treated or disposed, and the excavation would them .be backfilled with clean fill. 

Excavated soil would be 

Excavation: The horizontal and vertical extent of contamination in surface and subsurface soils has not been 
delineated precisely. Therefore, the extent of excavation required to achieve the target cleanup levels is difficult 
to estimate. However, excavation option at sites 7, 9, and 10, for example, may involve a million cubic yards of 
soils. Excavation of such amount of soil is a relatively large operation and may be difficult to implement without 
disturbing the adjoining site operations. Stxuchral supports are usually required during excavation of contaminated 
soil near the existing structures; however, this may not be a concern at NAB Little Creek landfill sites, viz. 7,9, 
and 10. Excavation at sites 11,12, and 13, if any, will have to be carried out with proper precautions. Excavation 
would require staging areas for equipment, a stockpile area, and equipment operating areas. 

Excavation uses standard earthmoving quipment which is readily available, but the excavation would have to be 
carefully staged and managed in order to reduce the possibility of spreading contamination via fugitive dust 
emissions, storm-water runoff, and infiltration of precipitation through con- soil stockpiles. There are risks 
of exposure to dust containing metals and volatilization of VOCs during excavation of the contaminated materials. 
Ambient air monitoring an appropriate health and safety measures would be required in order to protect worker 
health and safety. 

Excavation is not intended to reduce the toxicity or volume of contaminated soil; however, it is required for 
subsequent treatment or off-site disposal. 

0.7: Dimosal Technoloeies 

Soil disposal can be accomplished either at on-site or off-site landfills. Given the site background and current usage 
at NAB Little Creek, on-site landfill option is ruled out at all sites except site 7, which may need reconstruction 
and/or reinforcement prior to any such use. Disposal at off-site landfills would involve transportation by a licensed 
hazardous waste hauler, preparing appropriate’manifests, following all DOT regulations, and finally disposing the 
soils at an approved, permitted commercial facility. Facilities located in Virginia, the Carolinas, and Maryland 
would probably be used. Additional analysis such as TCLP may be required to determine the fate of the 
contaminated soil. For those aress where TCLP results are negative, the waste will have to go to a RCRA 
permitted facility. 

Groundwater disposal can be accomplished either by reinjection, surface water discharge, transportation to a local 
POTW or a commercial treatment facility. Either reinjection or surface water discharge would require NPDES 
permit, and these options can be considered only if extracted groundwater is treated to MCLs. It is not yet 
determined whether a local POTW capacity is available. Disposal in a commercial treatment facility would require 
permitting similar to soil disposal. These options can be further evaluated only after groundwater remediation 
strategy is further refined. 

0.8: Treatment Technolohs - Soil 

A large number of treatment technologies are applicable to the contaminants of concern in the soil. some of these 
technologies can be applied in-situ (without excavating the soil) while others require excavation prior to treatment 
(ex-situ). On-site treatment can be accomplished by mobile treatment units that can be set up at the site on a 
temporary basis, or by a semi-permanent treatment system which may be constructed at NAB Little Creek Sites. 
On-site treatment is usually more cost-effective than off-site treatment because of the elimination to transportation 
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costs, which typically comprise a large portion of overall costs for off-site options. Potentially applicable treatment 
technologies for soil include: 

Phvsical Treatment: Physical keatment involves technologies which separate chemicals from the soil, whereupon 
the soil may then he backfilled or treated further by other methods. Physical treatment pn>cesses thatmaybe 
applicable at NAB Little Creek Sites include stabiltiion (both in-situ and ex-situ), solids processing (including 
crushing, grinding, or sieving to size-segregate material for subsequent beatmeat), solvent extraction, soil vapor 
extraction, soil washing, and in-situ soil flushing. 

Solvent Extraction/ Chemical Extraction: Organic solvents, amines or other polar solvents, are used to extract 
organic hazardous compounds from the soil/sludge matrix. With proper mixing and temperature, high removd 
efficiencies are achieved in this process. This technology is suitable for sludges con- with oils, organic+ 
and heavy me&&. The extracting solvent must be immiscible with the aqueous phase and the density differential 
enables eventual separation. Use of ibis technology requires excavation and possibly hansport of site soils. Further, 
the treatment does not destroy the contaminants. 

Soil Vapor Extraction: Jn-situ vacuum extraction removes VOCs from soil in the vadose or unsaturated zone. 
Subsurface organic contaminants are “vacuumed up” via a well; vapor and liquids are separated; and vapor is 
released to the atmosphere after activated carbon treatment. This is a simple technology and does not require highly 
trained operators or sophisticated equipment. Recovery rate is a function of volatility of the contaminants, porosity 
of the vadose zone soils, and depth to groundwater. Use in saturated, tarry or clayey soils is greatly restricted. 

Soil Washing: Soil washing mixtures employ water, surfactants, oxidizing or reducing agents to extract 
contaminants in the soil matrix. Many vendors have developed propriety reagents to enhance soil washing. Soil 
washing is effective for removal of heavy metals and other inorganics from coarse soils. Washing fluids with good 
extraction coefficients and proper mixing are the keys to the success of this process. This technology has recently 
been selected at many remedial sites. Soil washing is limited in its effectiveness to remove organics from soil. 

Soil Flushing: Soil washing, conducted in-situ, is soil flushing. However, the injection/recirculation of washing 
fluids, soil characteristics, and uniformity become important parameters. Soil porosity and mobility of washing 
fluids and contaminants have to be well demonstrated before undertaking an in-situ remedy. Also, the washing 
fluids and solvents need to be less volatile and non-toxic, and safe and easy to handle. Soil flushing is not very 
effective in removing organics in soil. 

Chemical Treatment: Chemical treatment processes involve chemical reactions with specific contaminants. These 
reactions modify the contaminant so it is no longer hazardous or so that it may be removed form the soil by some 
other process, often a physical removal. Neutralization and ESD are two technologies probably applicable to site 
soils. 

Neutralization: Neutralization is the process of changing the pH of the solution from acidic (below 7) or alkaline 
(7-14) to a neutral value of 7. Waste acids and alkalies are neutralized to eliminate their reactivity and corrosivity. 
The process should be performed in a well-mixed system. Care should be taken to ensure UXnpleteness, 
compatibility, and prevent any formation of toxic products. This can be an inexpensive process if waste acids are 
used to neutralize waste alkalies (EQUALIZATION). Applicable only if liquid waste, either acidic or alkaline, is 
present. Neutralization or pH adjustment can also be used as a pretreatment for other processes. 

Electra-Acoustic Soil Decontamination (3233): This process is based on the synergistic application of a d-c. 
electric field and an acoustic field to contaminated soils to increase the transport of leachants through the soils. 
Applicability has been demonstrated for removal of heavy metals such as Zinc and Cadmium, and other ionic 
compounds. The technology is still on a laboratory scale. It can be applied in-situ. 
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Biol&& Treafment; Biologkal treatment uses microorganisms to biodegrade organic contaminants. Both aerobic 
(requires oxygen) and anaerobic (does not require oxygen) pn>cesses can be utilized, dependent upon the compound 
reqlliling treatment. Biodegradation (both in-situ and ex-situ) may be applicable at NAB Little Creek Sites. 

Aerobic Biological Treatment: Organic molecules, primarily hydrocarbons, are oxidized to carbon dioxide and 
water by microorganisms. These microorganisms require adequate levels of inorganic and organic nutrient growth 
factors, oxygen, and sufficient biologic space. Aerobic treatment is used to treat aqueous waste with low levels 
(BOD < 10,000 ppm) of non-halogenated organ& and can easily handle variable wastewater and pollutant loads. 
The treatment requires consistent, stable operating conditions. The process can be conducted in aerated lagoons, 
lined ponds, or in a trickling filter design. Large surface area and retention time are key factors to ensure Proper 
mixing. Light/nutrient imbalances may result in algae blooms. Most of the organic contaminants can be destroyed 
in this manner if sufficient microbial population, nutrients, oxygen, and biological mobility are present. 

Anaerobic Digestion: Reduction of organic matter is achieved in an oxygen-free environment. A number of 
proprietary engineered processes based on this principle are beiig marketed. An airtight reactor is usually required 
to control the process and to sustain the anaerobic mechanism. Anaerobic processes can handle organic loads higher 
than the aerobic process, and aqueous wastes with low to moderate levels of organics can be treated. Certain 
halogenated organics are treated more efficiently in anaerobic methods. 

In-Situ Biological Treatment: Organic contaminants in subsurface soils and groundwater are treated by special 
strains of cultured bacteria and naturally occurring microorganisms. Usually the process is aerobic, and proper pH, 
temperature, and oxygen concentration should be maintained. Nutrients have to be pumped into the system. 
Interaction of microbes, oxygen, and nutrients is facilitated in a relatively coarse/ permeable soil. Care must be 
taken not to drive the contaminants into deeper zone by minimizing their mobilization during the process. Moderate 
levels of risk reduction can easily be achieved by this process. This technology has not yet been fully demonstrated. 
A pilot-scale study is highly recommended prior to a full-scale setup. 

Composting: Composting involves the storage of highly biodegradable and structurally stable material (e.g. wood 
chips) with a small percentage (less than ten percent) of biodegradable waste. Adequate aeration and optimum 
temperature and moisture conditions have to be maintained. Composting is relatively insensitive to toxicants. It 
has not yet been widely used in the hazardous waste field, but it is potentially applicable to soils and sludges with 
high levels of organic contaminants. It is imperative to collect composting leachate and treat it if required. 

Land Farming/Land Treatment: .This is a mechanism to conduct aerobic digestion on-site. The ,contam.inated 
soil is excavated and staged in the designated area, in a layer of predetermined thickness. Better control of the 
operating conditions is possible as compared with the in-situ option. The reaction times are higher, but costs are 
lower as compared to a bioreactor. The phenols, PAHs, and VOCs in soils can be destroyed in this manner. 

Thermal Treatment: Thermal treatment technologies utilize elevated temperatures to modify or destroy . 
contaminants in the soil. Thermal treatment processes that may be applicable at NAB Little Creek Sites include 
low temperature thermal desorption, incineration, in-situ vitrification. 

Rotary Kiln Incineration: Wastes and auxiliary fuels are introduced to the high end of an inclined, rotating kiln. 
Ash residue and exhaust gases are collected at the low end of the kiln and may be further treated. This technology 
is intended primarily for solid organic waste. Explosive waste and wastes with high inorganic salts/heavy metals 
require special evaluation. Lead emissions can pose a serious problem in this setup if lead is also present. 

Vitrification: Hazardous wastes are converted into a glassy substance utilizing very high temperatures. This is 
usually done in-situ by inserting large electrodes into the soil, with graphite providing the starter path. Between 
1000 to 2000 “C, many organics are destroyed by pyrolysis, and inorganics are immobilized when the soil melt 
cools down. The process is effective only on soils with significant levels of silicates. The process has been applied 
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to radioactive waste. Enviromnental impacts from off-gas 
to soils with high levels of heavy metals and silicates. 

must be considered. The process is more appropriate 

Low Tempe&ure Thermal Desorption (LTTD): Volatile and semi-volatile organics can be removed at moderate 
temperatures (up to 600 “C) from the contaminated soil. An inert carrier gas is typically used to transport 
volatilized organ& and water. Grganics are condensed and treated separately. Several different desorber/dryer 
designs are available. The process is designed to separate organ& without any decomposition. Levels below 1 
ppm are usually accomplished. Some of the less volatile chemicals may not be volatilized at low temperatures, 
especially if they are bound in a tarry sludge matrix. 

Stabilization: Stabilimtion, also referred to as solidification or fixation, applies to processes involving mixing of 
a setting agent with excavated or in-situ contaminated soils to form a durable product in which contaminants are 
chemically bound and/or entrapped by the solidified mass. Typical additives include Portland cement, flyash, kiln 
dust, lime, soluble silicates, gypsum, and various combinations of these materials. 

The purpose or goal of stabilization is to improve the handling and physical characteristics of sludges, and/or to 
reduce the mobility of the contained pollutants. Stabilization may be required for residual sludges or ash from other 
types of treatment processes prior to disposal. 

Organic wastes are not effectively immobilized by some stabilization processes. For example, organics interfere 
with the setting reaction of Portland cement, affecting the durability and the characteristics of the final product, 
Generally, this precludes the use of cement stabilization as a treatment for organic wastes. Recently, however, 
it has been reported that PCB-contaminated soils and sediments have been successfully treated with the addition of 
organophilic clays to reduce PCB mobility. 

Silicate-based processes involve the addition of a source of silicates along with a setting agent. Silicates are often 
added in the form of fly ash, blast furnace slag, cement kiln dust, or soluble silicates (e.g., potassium or sodium 
silicate). The setting agent is typically Portland cement or lime, although other suitable materials are available. 

In-situ stabilization (soil mixing) of the surface and subsurface contaminated soils can be performed using equipment 
and technology available form server vendors. Stabilization of excavated soil or residual treatment sludges can be 
performed in mixing pits. Ex-situ stabilization can also be performed in batches, but the preparation of materials 
involves the additional expense of excavation and additional risk of exposure of site workers. 

Stabilixation option can be applicable to soils at sites 7, 12, and 13 if treatment is the preferred method. 

Solids Rocessim: Solids processing utilizes sorting, crushing, grinding, shredding and screening to either sort out 
undesirable materials or modify the size of solid materials. Some excavation may occur beneath concrete or asphalt 
drives and pads. Additionally, concrete rubble and debris have been used as fill in some areas of the site. 

Screening of site wastes may be useful to help dewater and size-segregate debris prior to treatment. Screening may 
be applied to a wide range of soils an mixed debris. Separation of soils according to size helps improve production 
from crushing and grinding operations. Crushing and grinding may be used to reduce the sim of solid wastes and 
mixed debris prior to treatment or disposal. Reducing the size of the waste particles can enhance subsequent waste 
treatment: 1) by liberating the hazardous waste form inert material; 2) by increasing specific surface area; and 3) 
By breaking down oversized particles resulting in uniformly sired particles for subsequent physical separation. 

Solids processing is a well established technology which utilizes readily available equipment. Physical hazards as 
well as the potential for dust emissions would have to be addressed. 
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0.9: Treatment Technologies - Growdwater 

Groundwater treatmat may become a significant issue for sites where aquifer restoration is the remedial action 
objective. 

Treatment technologies can be located on-site using mobile units or more permanent trdment plants contained 
within buildings, or located off-site at a treahent plant facility. Although the same remedial technologies are 
applicable for on-site or off-site treatment of contammakd groundwater, on-site treatment should be considered first 
to minimize transportation and handling costs. The applicability of complete or partial on-site -tdepeflds 
primarily on the availability of land for the treatment facilities. It is expected that the groundwater treatment system 
would require a relatively large capacity and, therefore, off-site beatment would not be technically practical and 
cost-effective. Ttansportation to a licensed RCRA facility is not feasible due to the distance from the site of such 
a facility. The available technologies for treating groundwater include biological, physical and chemical process~. 

Biolohal Treatment: Biodegradation is a treatment process whereby hazardous chemical substances (primarily 
organic chemicals) may be transformed to non-toxic or less toxic metabolitea through the enzymatic action of 
microorganisms. Under optimum conditions, and through the use of appropriate organisms, such degradation 
mechanisms may result in the complete mineralization of organic chemicals to carbon dioxide, water or methane, 
and biomass. Biodegradation of selected organic chemicals can be conducted through the use of chemical-specific 
aerobic or anaerobic microorganisms. Such organisms may be indigenous species that have been isolated and 
developed through various enrichment techniques or exogenous bacteria which were isolated from other sites or 
waste streams and developed for commercial use, or they may be cultures that have been genetically engineered to 
degrade various persistent synthetic compounds. 

Biological treatment systems are dependent upon the ability of the microorganisms to biodegrade various organic 
substrates. Studies have shown that the availability of oxygen (for aerobic systems), and micronutrients like 
phosphorus and nitrogen, the proper pH, and temperature, are important parameters to be considered for biological 
treatment systems to function properly. Additional factors that may also be necessary to biodegrade various organics 
include trace inorganic elements, cosubstrates such as glucose or other readily degraded organics, or possible analog 
enrichment (the use of a similarly structured biodegradable compound to promote enzyme production to biodegrade 
the compound of interest). Several factors may have a negative influence on biological systems such as the presence 
of toxins or the formation of toxic metabolites, preferred substrates and contaminant concentrations that are high 
enough to be toxic or inhibitory. In addition, it is possible that in some cases the groundwater contaminant 
concentrations are below the threshold concentration where enzymes are produced and thus result in no degradation. 
Often more than one species of microflora may be required to accomplish the complete degradation of a given 
substrate. One species may be able to transform the parent compound, but may be unable to further degrade the 
metabolic byproducts, and additional species are required to complete the biodegradation process. Numerous studies 
have been conducted to determine the effectiveness of specific classes, genera, or species for the degradation of 
specific compounds or classes of compounds. Although, these studies are very informative, they are often not 
representative of actual environmental conditions or biological systems. Many types of microorganisms are typically 
required to completely mineralize organic compounds or organic waste streams. In general, mixed microbial 
cultures have a greater biodegradative capacity and provide a better probability to reduce organic compounds to 
carbon dioxide and water. 

Biological treatment could be applied to groundwater in-situ, or in a bioreactor system after collection/extraction. 
The processes can be classified as aerobic or anaerobic, depending on whether the microorganisms used thrive in 
the presence or absence of oxygen, respectively. Aerobic biodegradation is achieved in the presence of oxygen and 
is the most widely used biological process. Aerobic process options include activated sludge, trickling filters, and 
rotating biological contactors. Anaerobic biodegradation is performed by microorganisms that do not require 
oxygen. The most common anaerobic process, anaerobic digestion, produces methane and carbon dioxide as 
byproducts of the degradation process. New biotechnologies are considered to be those which use genetically 
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eagineered and mutated microorgauisms. Theoretically, these organisms can be developed to feed on only the major 
site contaminants. These organisms are then released into the groundwater. After all the organic comaminants are 
destroyed, the microorganisms die from lack of food. This treatment method is still in the experimental stages. 

Phvsical Treatment: Physical treatment pmcesses utilize the differences in physical properties of the contaminants 
to separate them from water. The water may then be discharged or treated further by other methods. Potentially 
applicable physical treatment technologies include sedimentation, filtration, air and steam stripping, carbon 
adsorption, and reverse osmosis. 

Sedimentation/Clarification: Sedimentation or clarification is a process used to remove settleable suspended 
particles from water. The equipment used produces quiescent hydraulic conditions so that gravitational forces are 
able to settle out the unstable solids. The typical designs of sedimentation tanks involve a sloping bottom to collect 
the settled solids and an overflow weir for the supematant (clear) liquid. Once the particles reach the bottom, they 
are generally removed as an underflow, and their movement is assisted by a series of slowly moving paddles, rakes 
or arms. This technology can be used alone or in conjunction with precipitation. 

Filtration: Filtration is a process in which suspended and colloidal particles which are not readily settleable are 
removed from water by physical entrapment on a given media. Fluid flow through the filter medium may be 
accomplished by gravity or it may be pressure induced. Beds of granular material like sand and anthracite are 
commonly used filters in water treatment. Other types of filters include vacuum filters, plate and frame filters, and 
belt filters. These are often used to dewater sludges produced by processes like sedimentation and chemical 
precipitation. Packed beds of granular material are usually backwashed to remove the filter cake. The collected 
solids will require disposal and their costs will depend on whether the material is considered hazardous or non- 
hazardous. 

Air and Steam Stripping: Air stripping is a mass transfer process in which volatile contaminants in water are 
transferred to the gsseous phase. This process works best on contaminants with high volatility and low solubility. 
Generally, organic compounds with a Henry’s Law constant greater than or equal to 3.0 liter-atm/mole can be 
readily removed from groundwater by air-stripping. Several contacting systems can be used, such as mechanical 
surface aerators, diffused aeration, spray or tray towers, open channel cascades, spray fountains, and counter+zurrent 
packed towers. Surface aeration and counter-current packed towers are considered to be the most energy efficient 
systems. Air-stripping might require consideration of techniques to mitigate atmospheric discharge of contaminants 
in the exhaust gas. Packed tower systems are more amenable to air pollution controls. Generally, vapor phase 
carbon adsorption beds, flare burner systems, and, catalytic incineration are used for capture and/or destruction of 
the volatilized contaminants. In the counter-current packed tower configuration, water is distributed over the top 
of the packing material, while air is forced upward from the bottom of the tower. Primary factors which govern 
the efficiency of the process include the air-to-water ratio, pressure drop, tower height, surface area of the packing 
material, contact time, and temperature of the influent. Pretreatment of suspended solids and inorganics like iron 
and manganese, may be necessa ry to avoid deposition on and subsequent clogging of the packing material. 

Steam-stripping uses steam to remove organics from aqueous waste in much the same way that air-stripping works, 
but because of the heat involved in the process, is sometimes more effective on some contaminants than air stripping 
alone. It is generally used for removal of organic compounds which are relatively less volatile and more soluble, 
and can handle a wider concentration range of contaminants in the influent stream. The towers used for steam 
stripping are generally smaller than those used for air stripping because the higher temperatures used provide a 
greater driving force for removal. However, the energy costs are generally much higher. Steam stripping is 
generally not used unless the contaminants include compounds like methylethyl ketone, xylenes, etc. 

Carbon Adsorption: Carbon adsorption removes organics from aqueous wastes via surface attachment between 
the organic solutes and the large internal pore structure of the activated carbon. This attachment within the pores 
is due to a force of attraction known as Van der Waals force. The major parameters which influence the 
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effectiveness of the adsorption include the solubility of the organic compound, the pH and temperature of the 
idbent, empty bed contact time, and the surface area/volume ratio of the adsorbent. Typical activated carbon 
8dSOlptiOll hatment systems include gravity flow or pressure flow columns in series and/or parallel configurations 
with backwdhg capability. Granular activated carbon is generally used with loading rates of 0.5 to 5.0 gppmlsq.ft. 
This technology can treat single-phase waste streams with high molecular weights, high boiling points, low solubility 
and polarity, and relatively non-polar chlorinated hydroca&ons and aromatics. Concentrations of up to 10,000 ppm 
cm be effectively treated using carbon adsorption; however, the process works best for aqueous streams with 
suspended solids’ concentration less than 100 ppm and concentration of dissolved inorganics, oil, and grease of less 
than 10 ppm. For these reasons, some pre treatmat of the aqueous waste stream may be necessary. The spent 
carbon must be either regenerated at an appropriate facility, or disposed of as a hazardous material. 

Reverse Gsmosis: Osmosis is a process which occurs whenever two solutions of different solute concentration 
levels reach an equilibrium across a semi-permeable membrane. The solvent (water in this case) will naturally flow 
from the less concentrated solution into the more concentrated solution. To reverse this process, the solution with 
the high concentrations must be pressurized to a level higher than the osmotic pressure. At sufficiently high 
pressures, usually 200-800 pounds per square inch (psi), the water will flow out of the more concentrated solution, 
leaving the contaminants trapped on the other side of the semi-permeable membrane. The volume of the 
concentrated waste is generally 10 to 20 percent of the feed volume. This concentrated waste will require additional 
treatment which is usually expensive. Reverse osmosis has been demonstrated to be effective for treatment of 
brackish waters and aqueous metal wastes, and recent findings indicate that it is useful in removing some specific 
organ& from solution. The effectiveness of this process is highly dependent on the chemical composition of the 
waste solution to be treated and the characteristics of the membrane. 

Chemical Treatment: Chemical treatment processes generally involve destruction of hazardous substances by 
reaction with other chemical species to convert them into nonhazardous gases, liquids or solids. Potentially 
applicable process options include ion exchange, chemical precipitation, oxidation/reduction, and ultra-violet (IJy) 
radiation induced photolysis. Chemical oxidation with oxone or hydrogen peroxide enhanced by W photolysis is 
often a very effective combination and is discussed below. 

Ion Exchange: Ion exchange is a process in which toxic ions are removed from solution by being exchanged with 
relatively harmless ions held by the ion exchange material. Both organics and inorganics can be removed by this 
process. However, removal of inorganics is more common. Ion exchange resins are manufactured for removal 
of a wide variety of organic and inorganic ions. A practical upper concentration limit for ion exchange is about 
2500 to 4000 ppm. Contaminant concentrations in the groundwater at NAB Little Creek sites are well below these 
levels. Due to the large variety of ions present in the water, removal to levels below ARARs may be difficult. 
Generally, a train of resin beds in series containing different resins for organics, cation and anion removal are 
typically used. The beds have to be monitored for breakthrough and must be regenerated using a wide variety of 
regeneration chemicals which may themselves be hazardous. Ion exchange can be used both as a pretreatment and 
as a polishing step. 

Chemical Precipitation: Precipitation is a physical and chemical technique that can be used to remove metals from 
an aqueous stream. The metals can be precipitated out of solution by changing the chemical equilibrium of the 
solution. It is generally achieved by adding a chemical that reacts directly with the metal to form an insoluble 
product. When used prior to other treatment technologies, this process eliminates the probability of reduced 
efficiency due to dissolved metals precipitation. The pH of the waste stream can be adjusted to optimize the 
precipitation process. Usually, the pH varies between 8 and 12. Metals can be precipitated as hydroxides, 
carbonates, and sulfides. Typical precipitating agents include calcium oxide, caustic soda, sodium sulfide, ferrous 
sulfide, and hydrogen sulfide gas. 

Chemical Oxidation Enhanced by W Photolysis: Chemical oxidation enhanced by W photolysis is an emerging 
technology for cleanup and destruction of organics in groundwater. Commercial applications using hydrogen 
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peroxide and oxone as the oxidant have been developed. UV light reacts with hydrogen peroxide and/or ozone 
molecules to form hydroxyl radicals. T&e very powerful chemical oxidants then react with the organic 
contaminants in the water. In addition, many organic contaminants absorb W light and become more reactive to 
chemical oxidants. If carried to completion, the end products of the oxidation process are carbon dioxide and water. 
Both hydrogen peroxide and ozme form hydroxyl radicals under W light catalysis. 

The W/oxidation trdment technology may be used to oxidixe a vatiety of chlorinated hydrocar& ns, including 
PCE and TCE. W/oxidation will not eliminate inorganic contaminants; however, they could be removed by 
precipitation prior to allowing the feed stream to enter the UV/oxidation unit. The system has no filtering or 
adsorption media to dispose of or regenerate, and treats groundwater contammakd with VOCs without air emissions 
or generation of hai2xdous wastes. There is no secondary waste management necessary. 

Design of a W/oxidation treatment system is dependent upon many variables including the type and concentration 
of organic contamination, the light transmittance of the water, and the type and concentration of dissolved solids. 
Pretreatment of the contaminated groundwater may be neoessaq to reduce the suspended solids content, since 
excessive suspended solids can occlude the W light, thus decreasing the effectiveness of the system. Additionally, 
precipitation of metals may be necessary to reduce scaling and fouling of the unit. 
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